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INTRODUCTION 


It  is  custoDiarr  to  divide  all  living  organisms  into  two  great  kingdoms, 
animal  and  vegetable.  A  sharp  boundary  line  between  animal  and 
vegetable  life  can,  however,  be  drawn  only  in  the  ease  of  the  more 
highly  developed  organisms  :  while  in  those  of  more  simple  organisa- 
tion all  distinctions  disappear,  and  it  becomes  difficult  to  dehne  the 
exact  Hmits  of  Botany  and  Zoology.  This,  in  fact,  could  scarcely  be 
otherwise,  as  aU  the  processes  of  life,  in  both  the  animal  and  vegetable 
kingdoms,  are  dependent  on  the  same  substance,  protoplasm.  The 
more  elementary  the  organism,  the  more  apparent  the  general  quali- 
ties of  this  protoplasm  become,  and  hence  the  correspondence 
between  the  lower  organisms  is  specially  striking.  With  more  compli- 
cated organisation,  the  specific  differences  increase,  and  the  character- 
istics distinguishing  animal  from  vegetable  life  become  more  obvious. 
For  the  present,  it  must  be  confessed,  the  recognition  of  an  organism, 
as  an  animal  or  a  plant,  is  dependent  upon  its  supposed  correspondence 
with  an  abstract  idea  of  what  a  plant  or  animal  should  be,  based 
on  certain  fancied  points  of  agreement  between  the  members  of  each 
class.  A  satisfactory  basis  for  the  separation  of  aU  living  organisms 
into  the  categories  of  animals  or  plants  can  only  be  obtained  when  it 
is  shown  that  all  organisms  distinguished  as  animals  are  in  reality 
genetically  connected,  and  that  a  similar  connection  exists  l^etween 
all  plants.  The  method  by  which  such  evidence  may  be  arrived  at 
has  l>een  indicated  in  the  Theory  of  Evolution. 

From  the  palieontological  study  of  the  imprints  of  fossil  animals 
and  plants,  it  has  been  established  that  in  former  epochs  forms  of 
life  differing  from  those  of  the  present  age  existed  on  the  earth.  It 
is  also  generally  assumed  that  all  living  animals  and  plants  have 
been  derived  from  previously  existing  forms. 

The  conclusion  is  a  natural  one,  that  those  organisms  possess- 
ing almost  exactly  similar  structures  which  have  been  united  as 
species  under  the  same  genera  are  in  reality  related  to  one  another. 
Indeed,  it  is  permissible  to  take  a  further  step,  and  assvmie  that  the 
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union  of  corresponding  genera  into  one  family  serves  to  give  expression 
to  a  real  relationship  existing  between  them. 

The  evolution  of  a  living  organism  from  others  previously  existing 
and  different  in  form  has  been  distinguished  by  Haeckel  as  its 
phylogenetic  development  or  Phylogeny.  Every  organism  arising 
from  a  like  organism  must,  before  attaining  its  mature  state,  com- 
plete its  own  individual  development,  or,  as  it  has  been  termed  by 
Haeckel,  its  ontogenetic  development  or  Ontogeny.  The  supposi- 
tion that  the  successive  steps  in  the  ontogenetic  development  of 
an  organism  correspond  to  those  of  its  phylogenetic  development, 
and  that  the  ontogeny  of  an  organism  is  accordingly  a  more  or 
less  complete  repetition  of  its  phylogeny,  was  first  asserted  by  Fritz 
MijLLER,  who  based  his  conclusions  on  the  results  of  comparative 
research. 

The  idea  of  the  gradual  evolution  of  higher  organisms  from  lower 
was  familiar  to  the  Greek  philosophers,  but  a  scientific  basis  was  first 
given  to  this  hypothesis  in  the  present  century.  Through  the  work  of 
Charles  Darwin  in  particular,  the  belief  in  the  immutability  of 
species  has  been  overturned. 

Darwin  is  also  the  author  of  the  so-called  Theory  of  Selection. 
In  drawing  his  conclusions,  he  proceeds  from  the  variability  of  living 
organisms,  as  shown  by  the  fact  that  the  offspring  neither  exactly 
resemble  their  parents  nor  each  other.  To  establish  this  theory,  he 
also  called  attention  to  the  constant  over-production  of  embryonic 
germs,  by  which  the  destruction  of  the  greater  part  must  inevitably 
result.  If  this  were  not  so,  and  all  the  embryos  produced  by  a  single 
pair  attained  their  full  development,  they  would  alone,  in  a  few 
generations,  completely  cover  the  whole  surface  of  the  earth.  The 
.actual  condition  of  the  floras  and  faunas  is  thus  maintained  by  the 
restricted  development  of  the  embryos.  On  account  of  insufficient 
space  for  all,  the  different  claimants  are  engaged  in  an  uninterrupted 
struggle,  in  which  the  victory  is  gained  by  those  that,  for  any  reason, 
have  an  advantage.  Through  this  "struggle  for  existence,"  as  only 
those  organisms  possessing  some  advantage  live  and  mature,  a  process 
of  enforced  selection  between  the  more  fortunate  survivors  must  result. 
In  this  manner  Darwin  arrived  at  the  supposition  of  a  process  of 
Natural  Selection,  and  confirmed  his  position  by  analogy  with 
known  results  obtained  by  experimental  cross-breeding  and  cultivation. 
Newly-developed  peculiarities  arising  from  individual  variability  must 
be  inherited  in  order  to  become  permanent  characteristics  of  a  later 
generation.  Just  as  in  artificial  selection,  natural  selection,  although 
unconsciously,  accomplishes  this  result.  As  individual  peculiarities 
may  be  developed  by  careful  breeding  and  rendered  jiermanent,  so 
by  natural  selection  those  qualities  which  are  advantageous  in  the 
strugg-le  for  existence  become  more  pronounced  and  are  finall}^  con- 
firmed by  heredity.    By  the  continued  operation  of  natural  selection, 
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organisms  musfc  result  which  are,  in  the  highest  degree,  fitted  and 
adapted  to  their  environment.  Thus,  by  the  survival  of  the  fittest, 
through  natural  selection,  that  adaptability  to  the  environment  is 
gradually  evolved  which  is  such  a  striking  characteristic  of  organic 
life.  That  the  transitional  forms  in  this  process  of  phylogenetic  de- 
velopment no  longer  exist,  is  accounted  for  in  the  theory  of  natural 
selection  by  the  assumption  that  the  struggle  for  existence  must 
necessarily  have  been  most  severe  between  similar  organisms.  For 
similar  organisms  must  have  similar  necessities,  and  the  new  and 
better-equipped  forms  must  ultimately  prevail  over  the  original  less 
specialised  organisms,  which,  thus  deprived  of  the  essential  requisites 
for  their  existence,  finally  disappear. 

Although  the  great  importance  of  natural  selection  in  the  develop- 
ment of  the  organic  world  has  been  fully  recognised  by  most 
naturalists,  the  objection  has  been  raised  that  it  alone  is  not  a 
sufficient  explanation  of  all  the  different  processes  in  the  phylogeny 
of  an  organism.  Attention  has  been  called  to  such  organs  as  would 
be  incapable  of  exercising  their  function  until  in  an  advanced 
stage  of  development,  and  so  could  not  originally  have  been  of  any 
advantage  in  a  struggle  for  existence.  How  could  natural  selection 
tend  to  develop  an  organ  which  would  be  useless  so  long  as  it  was 
still  in  a  rudimentary  condition  ?  This  objection  has  led  to  the 
supposition  of  an  internal  force  residing  in  the  substance  of  the 
organisms  themselves,  and  controlling  their  continuous  development 
in  certain  definite  directions.  Many  naturalists,  indeed,  have  gone  so 
far  as  to  affirm  that  only  less  advantageous  qualities  have  been 
affected  by  the  struggle  for  existence,  while  the  more  advantageous 
have  been  uninfluenced  by  it. 

The  phylogenetic  changes  in  the  species  have  been  so  gradually 
accomplished  as  to  have  escaped  observation,  and  indirect  evidence  of 
their  existence  is  all  that  can  be  obtained. 

If  the  higher  organisms  have  been  evolved  from  the  lower,  there 
must,  at  one  time,  have  been  no  sharp  distinction  between  plants  and 
animals.  The  simplest  organisms  which  now  exist  are  in  all  proba- 
bility similar  to  those  which  formed  the  starting-point  in  the  phylo- 
genetic development  of  animal  and  vegetable  life ;  and  it  is  still 
impossible  to  draw  a  sharp  distinction  between  the  lower  forms  bf 
plants  and  animals.  The  walls  which  surround  the  elementary  organs 
of  the  plant  body,  and  the  green  colouring  matter  formed  within  them, 
have  been  cited  as  decisive  indications  of  the  vegetable  character  of  an 
organism.  Surrounded  by  firm  walls,  the  living  substance  becomes 
more  isolated,  and,  consequentl}^,  independence  of  action  in  plants,  as 
compared  with  animals,  is  diminished.  By  means  of  the  green  colour- 
ing matter,  plants  have  the  power  of  producing  their  own  nutritive 
substances  from  certain  constituents  of  the  air  and  water,  and  from  the 
salts  contained  in  the  soil,  and  are  thus  able  to  exist  independently  ; 
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while  animals  are  dependent  for  their  nourishment,  and  so  for  their 
very  existence,  on  plants.  Almost  all  the  other  differences  which 
distinguish  plants  from  animals  may  be  traced  to  the  structure  of 
plants,  characterised  by  the  firm  walls  of  the  simple  organs,  or  to  the 
manner  of  obtaining  food.  Another  characteristic  of  plants  is  the  un- 
limited duration  of  their  ontogenetic  development,  which  is  continuous, 
at  certain  points  at  least,  during  their  whole  life.  That  none  of  these 
criteria  are  alone  sufficient  for  distinguishing  plants  from  animals  is 
evident  from  the  fact  that  all  the  Fungi  are  devoid  of  green  pigment, 
and,  like  animals,  are  dependent  on  green  plants  for  their  nourish- 
ment. On  the  borderland  of  the  two  kingdoms,  where  all  other  dis- 
tinctions are  wanting,  phylogenetic  resemblances,  according  as  they 
may  indicate  a  probable  relationship  with  plants  or  animals,  serve  as 
a  guide  in  determining  the  position  of  an  organism. 

While  it  is  thus  difficult  to  sharply  distinguish  the  two  great  groups 
of  living  organisms  from  one  another,  a  distinction  between  them  and 
lifeless  bodies  is  readily  recognised.  Living  organisms  are  endowed  with 
the  quality  of  irritability,  in  which  all  lifeless  bodies  are  deficient. 
External  or  internal  stimuli  influence  living  organisms  to  an  activity, 
which  is  manifested  in  accordance  with  the  requirements  and  conditions 
of  their  internal  structure.  Even  in  the  smallest  known  organisms 
all  manifestations  of  life  are  occasioned  by  a  similar  sensitiveness  to 
external  or  internal  stimuli.  The  question,  however,  continually  arises 
whether,  in  the  smallest  and  simplest  organisms  at  present  discernible 
with  the  highest  magnifying  power  of  the  microscope,  the  ultimate 
limit  of  possible  life  is  actually  represented.  As  this  limit  has  always 
been  extended  with  the  increased  capabilities  of  optical  instruments,  it 
would  seem  arbitrary  to  assert  that  it  would  now  be  impossible  to 
extend  it  still  further.  Nageli  accordingly  assumed  that  beyond 
what  is  now  made  visible  by  the  microscope  there  exists  a  world  of 
still  more  and  more  simple  organisms.  These  he  conceived  of  as 
showing  such  a  degradation  of  the  vital  processes  that  they  finally 
resemble  mere  albuminous  bodies,  which,  he  supposed,  under  certain 
conditions  might  be  produced  by  purely  synthetic  processes.  In  order 
that  a  living  organism  may  develop  out  of  such  albuminous  bodies 
it  must  originally  have  inherent  in  it  the  capability  of  development, 
that  is,  the  capability  of  variation  and  the  ability  to  retain  the. 
results  of  this  variability  as  new  qualifications.  It  must,  in  addi- 
tion, have  the  capability  of  growth,  or  of  enlarging  the  mass  of  its 
body  at  the  cost  of  foreign  substances,  and  finally,  the  power  of 
reproduction,  that  is,  of  multiplication  by  a  separation  into  distinct 
parts. 

For  the  substance  itself  which  serves  as  a  basis  for  all  development, 
the  supposition  of  an  inorganic  origin  would  not  be  incredible  ;  it 
would  even  be  possible  to  imagine  that,  under  certain  conditions, 
this  substance  is  continually  in  process  of  formation.    On  the  other 
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hand,  it  must  not  be  forgotten  that,  so  far  as  is  actually  known,  all 
living  organisms  have  arisen  only  from  similar  organisms.  So  far  as 
experience  has  shown,  spontaneous  generation  is  unknown.  In  olden 
times  it  was  a  common  supposition  that  all  nature  itself  was  endowed 
with  universal  life.  According  to  Aristotle,  frogs  and  snakes  sprang 
from  mud  and  slime.  In  the  same  degree  that  knowledge  of  the  actual 
development  of  living  organisms  was  extended,  the  previously  accepted 
cases  of  spontaneous  generation  became  more  and  more  restricted,  and 
were  finally  limited  to  intestinal  worms  which  could  not  otherwise,  it 
was  thought,  be  accounted  for,  and  to  microscopic  organisms  the 
origin  of  which  was  also  not  understood.  Now,  for  such  organisms 
the  possibility  of  a  spontaneous  generation  has  been  disproved  by  more 
modern  investigations  ;  the  history  of  the  development  of  intestinal 
worms  is  known,  and  the  germs  of  organic  life  have  been  found  to  exist 
everywhere.  Schwann  and  Pasteur  have  been  pioneers  in  this  work, 
and  have  shown  that  it  is  possible  to  hinder  the  development  of  the 
lower  organisms,  in  places  where  it  is  customary  to  find  them,  by 
destroying  all  existing  germs  and  at  the  same  time  preventing  the 
entrance  of  new  ones.  It  is  due  to  the  results  obtained  by  these 
men  in  their  investigations  on  spontaneous  generation  that  we  are  now 
able  to  preserve  food  in  a  scientific  manner.  The  germs  previously 
existing  in  the  substance  to  be  conserved  are  destroyed  by  heat, 
while,  by  a  proper  mode  of  sealing,  the  entrance  of  new  germs  is 
rendered  impossible,  and  the  decomposition  which  their  presence  would 
occasion  is  accordingly  prevented. 

All  known  living  organisms  have  been  derived  from  other  living 
organisms.  The  attempt  to  relegate  spontaneous  generation  to  an  un- 
known field,  and  to  admit  the  origin  of  living  from  dead  substances, 
has  on  the  other  hand  derived  support  from  the  progress  of  chemical 
research.  In  the  early  decades  of  the  present  century  it  was  customary 
to  draw  a  distinct  line  of  separation  between  organic  and  inorganic 
chemistry,  and  to  assume  that  the  substances  dealt  with  by  organic 
chemistry  could  only  be  produced  by  the  vital  action  of  organisms. 
The  laws  governing  inorganic  chemistry  appeared  to  have  no  refer- 
ence to  organic  chemistry,  the  formation  of  organic  substance  being 
due  to  a  special  force,  the  "life  force."  In  1828  Wohler  obtained 
urea  from  ammonium  cyanate,  and  thus  for  the  first  time  produced 
an  organic  compound  from  an  inorganic  substance.  In  1845 
KoLBE  completely  synthesised  trichloracetic  acid,  and  in  1850 
Berthelot  synthesised  alcohol  and  formic  acid.  By  these  results 
the  former  distinction  between  organic  and  inorganic  chemistry  was 
destroyed.  Organic  chemistry  has  become  the  chemistry  of  carbon 
compounds. 

Botany,  or  the  science  of  plants,  may  be  divided  into  a  general  and 
a  special  part.  In  the  general  part,  the  structure  and  functions  of 
plants  as  such  will  be  considered ;  in  the  special  part,  the  particular 
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structure  and  functions  of  the  separate  orders  of  plants  will  be 
discussed. 

The  study  of  the  structure  of  plants  is  called  MoRrHOLOGY ;  that 
of  their  functions  Physiology.  In  the  general  part,  morphology 
and  physiology  will  be  treated  separately  :  in  the  special  part,  con- 
jointly. 


PART  I 
GENERAL  BOTANY 

SECTION  I 
MORPHOLOGY 


GENEEAL  BOTANY 


SECTION  I 

MORPHOLOGY 

The  object  of  vegetable  morphology  is  the  scientific  study  of  the  forms 
of  plants.  It  does  not  attempt  to  discover  the  causes  of  the  variation 
in  the  forms,  but  rather  has  accomplished  its  purpose  when  it  succeeds 
in  showing  how  one  form  may  be  derived  from  another.  The  basis  of 
morphological  study  is,  accordingly,  phylogeny  (p  2).  As  phylogenetic 
development  can  only  be  inferred,  and  cannot  be  directly  followed,  the 
methods  of  morphology  must  also  be  indirect.  They  are  dependent  for 
their  successful  application  upon  ontogenetic  comparison  ;  for,  in  the 
ontogenetic  development  (p.  2)  of  a  plant,  its  phylogeny  is,  to  a  certain 
extent,  repeated,  so  that,  by  a  comparison  of  transitional  forms,  it  is  often 
possible  to  discover  a  connection  between  plants  which  are  apparently 
most  dissimilar.  As,  however,  the  ontogeny  of  a  plant  is  neither  an 
exact  nor  invariable  repetition  of  its  phylogeny,  and  as  connecting  links 
between  extreme  forms  are  often  wanting,  the  results  of  morphological 
study  are  frequently  imperfect  and  incomplete.  Such  parts  or  mem- 
bers of  plants  which  it  is  reasonable  to  presume  have  had  a  common 
origin  are  distinguished  as  Homologous  ;  those  which,  while  probably 
having  different  origins,  yet  exercise  the  same  functions,  are  termed 
Analogous.  Through  the  adaptation  of  different  parts  to  the  same 
function,  a  similarity  in  both  external  form  and  internal  structure  often 
results ;  and  in  this  way  the  correct  determination  of  morphological 
relationships  is  rendered  extremely  difficult.  Only  homologous  parts 
have  the  same  morphological  value.  This  homology  is  determined  by 
the  facts  of  phylogeny  and  origin,  and  not  by  any  correspondence  in 
function.  On  account,  however,  of  the  intimate  relation  existing 
between  the  form  and  function,  and  the  modifying  influence  of 
the  one  upon  the  other,  it  vnW  be  necessary  in  the  morphological 
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study  of  the  different  members  of  plants  to  take  into  consideration 
their  physiological  signification,  as  organs.  When,  for  phylogenetic 
reasons,  it  seems  possible  to  attribute  to  a  number  of  different  mem- 
bers a  common  origin,  such  a  hypothetical  original  form  is  termed  the 
fundamental  or  primitive  form  ("  Grundform  ").  The  various  modifica- 
tions which  the  primitive  form  has  passed  through  constitute  its  meta- 
morphosis. In  this  way  the  theory  of  the  metamorphosis  of  plants, 
which  was  once  but  an  ideal  conception,  attains  its  true  significance. 

Slightly  differentiated  structures,  which  are  found  at  the  beginning 
of  a  series  of  progressively  differentiating  forms,  are  termed  rudi- 
mentary ;  imperfect  structures,  which  have  arisen  as  the  result  of  the 
deterioration  of  some  perfect  forms,  are  termed  reduced. 

Vegetable  morphology  includes  the  study  of  the  external  form  and 
the  internal  structure  of  plants.  The  descriptive  study  of  the  external 
form  of  plants  has  been  incorrectly  termed  ORGANOGRAPHY,  for,  by  the 
use  of  the  term  "  organ,"  it  would  seem  to  have  a  physiological  signi- 
fication. Morphology  takes  no  recognition  of  the  parts  of  a  plant  as 
organs,  but  treats  of  them  merely  as  members  of  the  plant  body.  The 
study  of  the  internal  structure  of  plants  is  often  designated  Anatomy 
or  Phytotomy  ;  but  as  it  usually  includes  also  the  study  of  the  more 
minute  internal  structure,  it  resembles  rather  histology,  in  the  sense 
in  which  that  term  is  used  by  zoologists,  and  concerns  itself  to  a  much 
less  degree  with  anatomy,  properly  speaking.  In  any  case,  it  is  the 
simplest  jyltxn  to  designate  the  study  of  the  outer  forms  External 
Morphology,  and  that  of  the  inner  structure  Internal  Morphology. 


I.  EXTERNAL  MORPHOLOGY 

Plants  show  a  great  diversity  in  the  form  and  arrangement  of 
their  members ;  it  is  the  task  of  morphology  to  determine  the  points 
of  agreement  existing  between  them.  To  do  this,  it  is  necessary  to 
discover  a  common  origin  for  their  similar  but  variously  developed 
members. 

The  Development  of  Form  in  the  Plant  Kingdom 

The  Thallus. — The  simplest  form  that  we  can  imagine  for  an 
organism  is  that  of  a  sphere,  and  this  is  actually  the  form  of  some  of 
the  lower  plants.  The  green  growth  often  seen  on  damp  walls 
consists  of  an  aggregation  of  the  small  spherical  bodies  of  Gloeoaqjsa 
polydermatica  (Fig.  1),  an  Alga  belonging  to  the  lowest  division  of  the 
vegetable  kingdom.  The  single  plants  of  the  Beer-yeast  (Saccharomijces 
cerevisiae)  are  ellipsoidal ;  but,  from  their  peculiar  manner  of  growth, 
by  budding,  they  form  lateral  outgrowths,  and  thus  often  appear 
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Fig,  2 


constricted  (Fig.  2).  Cylindrical  and  also  disc -shaped  forms  are 
common  to  various  Algae.     The  Diatomeae  (Fig.  3),  in  particular, 

furnish  a  great  variety 
of  spindle,  canoe,  helmet, 
and  fan-like  shapes  ;  but 
they  may  all  be  derived 
from  the  more  simple 
spherical,  discoidal,  or 
cylindrical  forms.  The 
Bacteria,  which,  as  the 
cause  of  contagious  diseases  and  of  de- 
composition, have  been  the  object  of  so 
much  recent  investigation,  also  exhibit  a 
great  diversity  of  form.  A  small  quantity 
of  the  white  deposit  on  teeth  will  furnish 
examples  of  spherical,  rod-like,  fibrous,  and  spiral  bacteria  (Fig.  4). 
In  the  course  of  the  development  of  a  single  species  several  of 


Saccharmnyccs 
cerevisiae.  1,  Cells 
Avithout  buds  ;  2  and 
3,  budding  cells,  (x 
540.) 


Fig.    i.  —  Gloeocapsa  ^mlydermatica 

A,  Commencement  of  division 

B,  shortly  after  division ;  C,  a 
later  stage.  (x540.) 


Fig.  'i.—Pinmdaria  viridis.   A,  Surface 
view ;  B,  lateral  view.    ( x  540.) 


Fig.  4.— Bacteria  from  deposits  on  teeth,  o, 
Leptothrix  bttccalis ;  a*,  the  same  after  treat- 
ment with  iodine ;  h,  Micrococcus ;  c,  Spir- 
illum dentium  after  treatment  with  iodine; 
(f,  comma  bacilli  of  the  mucous  membrane  of 
the  mouth.  (xSOO.) 


these  different  forms  frequently  occur.  The  next  stage  in  the  pro- 
gressive development  of  external  form  in  the  vegetable  kingdom 
is  exhibited  by  such  plants  as  show  a  DIFFERENTIATION  into  apex 
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AND  BASE.  The  base  serves  as  a  point  of  attachment,  while  growth 
is  localised  at  the  apex.  In  this  way  a  growing  point  is  developed 
at  the  apex.  As  an  example  of  such  a  form,  a  young 
plant  of  the  green  Alga,  Ulva  Laduca  (Fig.  5),  may  be 
taken.  The  development  of  a  more  complicated  external 
form  is  represented  by  the  branched,  filamentous,  or 
band-shaped  Algae,  in  which  the  origin  of  new  formations 
is  more  and  more  restricted  to  the  apex.  An  ACRO- 
PETAL  order  of  development,  in  which  the  youngest 


Fig.  5.— Ulva  Lactuca, 
young  stage,  show- 
ing apex  and  base. 
(X220.) 


Fig.  6.— Portion  of  Cladophora  glovierata. 
(X48.) 


Fig.  7. — Cladosteplms  verticillafvs.  (After 
Prinosheim,  x30.) 


lateral  members  are  always  nearest  the  growing  apex,  is  clearly 
demonstrated  by  the  branched  filaments  of  the  common  green  Alga, 
Cladophora  glomerata  (Fig.  6).    Still  more  pronounced  is  the  apical 
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Fig.  8. — Dietyota  dichotoma.    (3  nat.  size.) 


growth  in  the  brown  sea-weed  Cladostephus  verticillatus  (Fig.  7). 
The  great  variety  in  the  form  of  the  larger  Fungi  and  Lichens, 
by  which  they  are  distinguished  as  club-,  umbrella-,  salver-,  or 
bowl-shaped,  or  as  bearded 
or  shrub-like,  is  due  to  the 
union  or  intertwining  of 
apically  growing  filaments. 
This  manner  of  develop- 
ment is  limited  to  Fungi 
and  Lichens.  In  other 
cases,  the  more  complete 
segmentation  exhibited  by 
the  lower  plants  results 
from  the  differentiation  of 
independently  branching 
filaments  and  bands. 

As  the  apex  itself  may 
undergo  successive  modifications  through  continuous  bifurcation,  as 
in  the  case  of  Dktyota  dichotoma    (Fig.    8),   it   does  not  always 

necessarily  follow  that  the  for- 
mation of  new  members  must 
proceed  directly  from  the  ori- 
ginal apex.  The  highest  de- 
gree of  external  differentiation 
among  the  lower  plants  is  met 
with  in  the  group  of  the  red 
sea-weeds  {Rhodophjceae).  Many 
representatives  of  this  class  re- 
semble the  higher  plants  in  the 
formation  and  arrangement  of 
their  members  ;  Hydrohtpathum 
sanguineum  (Fig.  9),  for  ex- 
ample, as  is  indicated  by  its 
name,  has  a  strong  resemblance 
to  a  species  of  Bumej',  and  affords 
^^sA  remarkable  illustration  of  the 

analogy  of  form  existing  be- 
tween plants  phylogenetically 
unconnected.  On  account  of  a 
supposed  phylogenetic  connec- 
tion between  the  lower  plants, 
they  have  been  collectively  de- 
signated Thallophytes,  while 
the  body  of  the  individual 
neither  true  leaves  nor  stem,  is  referred  to  as  a 


Fig.  9. — Hydwlapathum  sanguineum.   (\  nat.  size.) 


organisms, 


havinc 


THALLUS.    In  contrast  to  the  thallus,  the  body  of  the  higher  plants, 
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with  its  segmentation  into  stem  and  leaves,  is  frequently  termed  a 
CORMUS,  and  the  plants  themselves  Cormophytes.  To  the  Cormo- 
phytes  belong  all  plants  from  the  Mosses  upwards. 

Transition  from  the  Thallus  to  the  Cormus. — The  lowest  division 
of  the  Bryophytes^  the  Liverworts  (Hejxdicae),  although  in  many  cases 


Fio.  10.— Ricciu  flu  items. 
(Xat.  size.) 


Fig.  II.— Blasia  pusilhi.      Sporogonium  ; 
r,  rhizoids.  (x2.) 

possessing  thalloid  bodies  without  any  segmentation  into  members, 
contain  also  forms  with  the  same  differentiation  into  stem  and  leaves 

as  the  higher  plants.  As  between  these 
two  extremes  there  may  be  found  transi- 
tional forms,  this  class  of  plants,  accord- 
ingly, affords  valuable  assistance  in  the 
phylogenetic  study  of  the  development  of 
higher  plants.  A  few  examples  will  best 
illustrate  these  stages  of  differentiation 
exhibited  by  the  Hepatkae.  The  bifur- 
cately  branching  thallus  of  Riccia  fluitans 
(Fig.  10)  is  flat  and  ribbon-like,  and  in 
its  general  appearance  resembles  the 
thallus  of  the  previously  mentioned  brown 
Alga,  Didyota  dichotoma  (Fig.  8).  A  more 
advanced  development  is  shown  by  JBIasia 
jmsilla  (Fig.  11),  which  has  incisions  in 
the  sides  of  its  ribbon-like  body.  The 
lobes  thus  formed  by  the  lateral  incisions, 
as  is  shown  by  comparison  with  other 
more  highly  differentiated  Hepatkae,  and 
also  by  the  study  of  their  development, 
are  properly  to  be  regarded  as  rudimental  leaves.  Finally,  in  Plagw- 
chila  asplenwules  (Fig.  12),  with  alternating  ovate  leaves  and  elongated 
fibrous  stems,  the  segmentation  into  stem  and  leaf  is  complete. 

The  Cormus. — With  the  segrmentation  into  stem  and  leaf,  the 


Fig.  12. — Plagiochila  asplenioides. 
s,  Sporogouiuiu.    (Nat.  size.) 
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distinctive  diflferentiation  of  the  Cormophyte  is  completed.  This, 
in  all  probability,  has  occurred  twice  in  the  phylogenetic  development 
of  the  vegetable  kingdom ;  once  in  the  Bryophytes,  and  a  second  time 
in  the  evolution  of  the  Pteridophytes,  presumably  from  ancestral 
forms  resembling  the  Liverworts.  All  Bryophytes  are  attached  to 
the  surface  on  which  they  grow,  by  means  of  root-like  hairs  or 
RHizoiDS  (Fig.  11,  /•).  It  is  in  the  next  higher  group  of  plants, 
-which,  as  Vascular  Cryptogams,  are  united  in  one  class,  that  true 
roots,  in  a  morphological  sense,  first  make  their  appearance.  They 
are  for  the  most  part  cylindrical  bodies  with  apical  growing  points. 
Disregarding  the  distinctions  perceptible  in  its  internal  structure,  a 
root  may  always  be  distinguished  from  a  stem  by  the  ROOT-CAP  or 
CALYPTRA  sheathing  its  apex,  and  also  by  the  absence  of  leaves. 

The  Metamorphosis  of  the  Primitive  Forms. — After  the  completion 
of  its  differentiation  into  stem  and  leaf,  and  the  appearance  of  roots, 
there  occur  only  such  modifications  of  the  primitive  form  of  the  plant 
body  of  a  Cormophyte  as  are  embraced  under  its  metamorphosis 
(p.  9),  occasionally  including  a  more  or  less  complete  fusion  of  parts 
originally  separate  and  distinct. 

The  relationships  between  homologous  members,  which  are  often  very  striking, 
did  not  escape  the  notice  of  earlier  observers.  They  suggested  comparisons, 
although  no  real  phylogenetic  basis  for  such  comparisons  existed.  Thus,  an  ideal 
conception  of  the  form  of  external  members  was  develojjed,  and  tinally  reached 
its  highest  elaboration  in  Goethe's  Theory  of  Metamorphosis  ;  and  its  abstract 
scientific  conclusion  in  the  writings  of  Alexander  Brai  n.  As  the  great  variety 
exhibited  in  the  external  ajjpearance  of  the  lower  plants  precluded  any  possibility 
of  assigning  to  them  hypothetical  primitive  forms,  the  whole  terminology  of  tlie 
external  morphology  of  plants  has  been  derived  from  concejitions  applicable  only 
to  the  Cormophytes.  Even  to-day,  the  same  terms  used  in  reference  to  the 
Cormophytes  are  applied  to  parts  of  the  Thallophytes,  which  are  evidently  only 
analogous.  In  this  sense  it  is  customary  to  distinguish  between  stem  and  leaf 
in  such  Algae  as  Hydrolcqmthiim  (Fig.  9}.  Such  a  use  of  terms  is  only  permissible 
where  reference  is  made  to  the  manner  of  segmentation,  with  the  intention  of 
emphasising  the  analogy  with  the  somewhat  similar  members  of  the  Cormophytes. 
The  question  whether,  in  the  ditferent  groups  of  the  Cormophytes,  all  the  members 
designated  by  the  same  names  are  really  homologous,  cannot  propt-rly  be  discussed 
here.  It  would  seem  almost  impossible  to  derive  from  the  Bryophytes  all  the 
forms  of  cormophytic  segmentation  shown  by  the  Pteridophytes.  However  this 
may  be,  from  the  Pteridophytes  upwards,  the  segmentation  of  the  members  appears 
to  have  had  a  similar  origin,  and  the  similarity  of  terminology  is  based,  therefore, 
upon  an  actual  homology  of  the  parts. 


Relations  of  Symmetry 


Every  section  through  an  organ  or  member  of  a  plant,  made  in 
the  direction  of  its  longitudinal  axis,  is  distinguished  as  a  longitudinal 
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section ;  those  at  right  angles  to  it  being  termed  cross  or  transverse 
sections.  Such  parts  of  plants  as  may  be  divided  by  each  of  three  or 
more  longitudinal  planes  into  like  halves  are  termed  either  Polysym- 


FiG.  13. — Diagram  showing  the  so-called  de- 
cussate ai-rangemeiit  of  leaves. 


Fig.  14,  —Diagram  showing  two-ranked 
alternate  arrangement  of  leaves. 


METRICAL,  Radial,  or  Actinomorphic.     The  degree  of  symmetry 

peculiar  to  any  leafy  shoot  will  be  more 
apparent  from  a  diagram,  that  is  if  the 
leaves  which  it  bears  be  projected  on  a 
plane  at  right  angles  to  its  axis.  The 
radial  symmetry  of  a  shoot  with  opposite 
leaves  is  clearly  shown  in  the  adjoining 
diagram  (Fig.  13).  A  shoot  with  its 
leaves  arranged  alternately  in  two  rows 
shows  quite  different  relations  of  sym- 
metry. The  diagram  of  such  a  shoot 
(Fig.  14)  can  only  be  divided  into  similar 
halves  by  two  planes.  When  such  a 
condition  exists,  a  member  or  plant  is  said 
to  be  BISYMMETRICAL.  When,  however,  a 
division  into  two  similar  halves  is  only 
possible  in  one  plane,  the  degree  of  sym- 
metry is  indicated  by  the  terms  sym- 
metrical, MONOSYMMETRICAL,  or  ZYGO- 
MORPHIC.  When  the  halves  are  equal,  but 
have  a  different  structure  and  are  spoken 
of  as  ventral  and  dorsal  sides,  the  body 
is  termed  dorsiventral.  Ordinary  foli- 
age-leaves exhibit  this  dorsiventral  struc- 
ture, and  their  upper  and  lower  surfaces 
are  not  only  different  in  appearance  but  they  also  react  differently 
to  external  influences.    In  the  accompanying  figure  (Fig.  15)  such  a 


B 


Fig.  15. — Diagram  of  a  foliage-leaf. 
A,  Surface  ^•iew  ;  B,  transverse 
section  ;     plane  of  symmetry. 
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monosymmetrical,  dorsiventral  folmge  leaf  is  diagrammatically  repre- 
sented. From  the  surface  view  {A)  and  from  the  cross-section  (/>), 
in  which  the  distinction  between  the  dorsal  and  ventral  sides  is  in- 
dicated by  shading,  it  is  obvious  that  but  one  plane  of  symmetry 
(.s)  can  be  drawn.  As  the  zoologists  often  term  this  degree  of 
symmetry  bilateral,  the  same  term  is  frequently  employed  with 
reference  to  plants. 


Branch  Systems 


Thallophytes  as  well  as  Cormophytes  exhibit  s3-stems  of  branching, 
resulting  either  from  the  formation  of  new  growing  points  by  the 
bifurcation  of  a  previously  existing  growing  point,  or  from  the  develop- 
ment of  new  growing  points  in  addition  to  those  already  present.  In 
this  way  there  are  produced  two  systems  of  branching,  the  DlcHuTo- 
MOUS  and  the  monopodial.  By  the  uniform  development  of  a  continu- 
ously bifurcating  stem,  a  typical  dichotomous  system  of  branching  is 
produced,  such  as  is  shown  in  Dicff/ofa  (lirlwtoiiia  (Fig.  8).  In  a 
typically  developed  example  of  the  mouopodial  system  there  may 
always  be  distinguished  a  main  axis,  the  moxopodium,  which  gives 
rise  to  lateral  branches  from  which,  in  turn,  other  lateral  branches 
are  developed.  A  good  example  of  this  form  of  branching  is 
afforded  by  a  Fir-tree.  Where  one  of  the  two  branches  is  regularly 
developed  at  the  expense  of  the  other,  the  dichotomous  system 
assumes  an  appearance  quite  different  from  its  typical  form.  The 
more  vigorous  branches  may  then,  apparently,  form  a  main  axis, 
from  which  the  weaker  branches  seem  to  spring,  just  as  if  they 
were  lateral  branches.  This  mode  of  branching  is  illustrated  by 
the  Selaginellae  (Fig.  351).  Such  an  apparent  main  axis  is  termed,  in 
accordance  Avith  its  origin,  a  Sym- 
PODIUM.  On  the  other  hand,  in  the 
mouopodial  system  two  or  even 
several  lateral  branches  may  develoj) 
more  strongly  than  the  main  axis,  and 
so  simulate  true  dichotomy  or  poly- 
TOMY.  Such  mouopodial  forms  of 
branching  are  referred  to  as  false 

DICHOTOMY  or  FALSE  POLYTOMY,  as 
the  case  may  be.  A  good  example 
of  fiilse  dichotomy  may  be  seen  in  the 
Mistletoe  (Fiscum  album,  Fig.  16). 
If,  however,  a  lateral  branch  so  ex- 
ceeds the  main  axis  in  development  that  it  seems  ultimately  to  become 
a  prolongation  of  the  axis  itself,  a  sympodium  is  again  formed.  This 
is  exactly  what  occurs  in  the  Lime  and  Beech  ;  in  both  of  these 
trees  the  terminal  buds  of  each  year's  growth  die,  and  the  prolonga- 

C 


Fig.  10.— Shoot  of  Viscum  album,  showing 
false  dichotomy.   (A  nat.  size.) 
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tion  of  the  stem,  in  the  following  spring,  is  continued  by  a  strong 
lateral  bud,  so  that  in  a  short  time  its  sympodial  origin  is  no  longer 
recognisable.  In  most  rhizomes,  on  the  other  hand,  the  sympodial 
nature  of  the  axis  can  be  easily  distinguished  ;  as,  for  example,  in  the 
rhizome  oi  Pulygoiiatani  multiflorum  (Fig.  21),  in  which,  every  year,  the 
terminal  bud  gives  rise  to  an  aerial  shoot,  while  an  axillary  bud  pro- 
vides for  the  continuance  of  the  axis  of  the  rhizome.  In  the  flower- 
producing  shoots  or  inflorescences  of  Phanerogams  the  different 
systems  of  branching  assume  very  numerous  forms.  These  will  be 
more  fully  described  in  their  proper  place.  To  such  inflorescences 
belong  the  ventrally  coiled  dorsiventral  shoots,  which  produce  new 
shoots  from  their  convex  dorsal  surfaces,  instead  of  in  their  leaf-axils. 


The  Shoot 

The  Development  of  the  Shoot. — Under  the  term  shoot  a  stem  and 
its  leaves  are  collectively  included.  A  stem  possesses  an  apical  mode 
of  growth  (Fig.  17),  and  its  unprotected  growing  point  is  described 

as  naked,  in  contrast  to  that  of 
the  root  with  its  sheathing  root- 
cap.  The  apex  of  the  shoot  gener- 
ally terminates  in  a  conical  pro- 
tuberance, designated  the  vege- 
tative CONE.  As  it  is  always 
too  small  to  be  visible  to  the 
unaided  eye,  it  is  best  seen  in 
magnified  median  longitudinal 
sections.  So  long  as  the  apex  of 
the  shoot  is  still  internall}'  un- 
difl"erentiated,  it  continues  in  em- 
bryonic condition,  and  it  is  from 
the  still  embryonal  vegetative 
cone  that  the  leaves  take  their 
origin.  They  first  appear  in 
acropetal  succession  as  small, 
conical  protuberances,  and  attain 
a  larger  size  the  further  removed 
they  are  from  the  apex  of  the 
stem.  As  the  leaves  usually  grow  more  rapidly  than  the  stem  which 
produces  them,  thev  envelop  the  more  rudimentary  leaves,  and  over- 
arching the  vegetative  cone,  form,  in  this  manner,  a  bud.  Buds 
are  therefore  merely  undeveloped  shoots.  If  they  are  to  remain 
for  a  long  time  undeveloped,  as  for  example  is  the  case  with  winter 
.  buds,  they  are  protected  in  a  special  manner  during  their  period  of 
rest. 


Fig.  17. — Apex  of  a  shoot  of  a  i)hanerogaiiiic 
plant.  V,  Vegetative  coue  ;  /,  leaf  midiiiient ; 
rj,  rudiment  of  an  axillary  bml.    (x  10.) 
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The  Origin  of  New  Shoots. — The  formation  of  new  growing  points 
by  the  bifurcation  of  older  points  of  growth,  in  a  manner  similar  to  that 
already  described  for  Didijota  dicliotnma 
(Fig.  8),  occurs  also,  in  almost  typical  form, 
in  the  lower  thalloid  Hciviticae  {lllccia 
fluitans,  Fig.  10).  Among  the  Cormophytes 
this  method  of  producing  new  shoots  is  of 
less  frequent  occurrence,  and  is  then 
mainly  limited  to  the  Pteridophytes,  for 
one  division  of  which,  the  Lycopodiarcac,  it 
is  characteristic.  In  this  case,  whenever  a 
shoot  is  in  process  of  bifurcation,  two  new 
vegetative  cones  are  formed  by  the  division 
of  the  growing  point  (Fig.  18).  In  most 
of  the  Lycopodiaceae  the  new  shoots  thus 
formed  develop  unequally ;  the  weaker 
becomes  pushed  to  one  side  and  ultimately 
appears  as  a  lateral  branch  (Fig.  19). 
Although  a  relationship  as  regards  posi- 
tion is  generally  apparent  between  the 
origin  of  leaves  and  the  lateral  shoots,  in 
the  system  of  branching  resulting  from  such 
a  bifurcation  of  the  vegetative  cone  this  connection  does  not  exist. 
In  the  more  highly  developed  Bryophytes,  particularly  in  the  true 
Mosses,  new  shoots  arise  obli(jUely  below  the 
still  rudimentary  leaves  at  some  distance  from 
the  growing  point.  In  the  Phanerogams  new 
shoots  generally  arise  in  the  axils  of  the  leaves. 
In  the  accompanying  illustration  of  a  longi- 
tudinal section  of  a  j)hanerogamic  shoot  (Fig. 
17)  the  rudiment  of  a  shoot  (y)  is  just  aj)pear- 


Fit;.  IS.— LoiiyituUiual  section  of  a 
bifurcating  slioot  of  Lycn- 
jKidluni  (i.lpinurii,  showing  un- 
equal development  of  tlie  rudi- 
mentary shoots,  p,  p" ;  b,  Itiaf 
rudiments;  c,  cortex  ;  /,  vascular 
strands.     (After  Hegei.maier, 

X  i;o.) 


P 


KiG.  19.— Bifurcating  shoot 
(y»)  of  Lijcopodium  inun- 
(latum,  showing  unequal 
development  of  the  rudi- 
mentary shoots,  p',  //' ; 
h,  leaf  rudiments.  (After 
Hegel.maier,  X  40.) 


ing  in  the  axil  of  the  third  ui)i)ermost  leaf  ;  in 


the  axils  of  the  next  older  leaves  the  conical 
protuberances  of  the  embryonic  leaves  are 
already  beginning  to  appear  on  the  still  rudi- 
mentary shoot.  These  rudimentary  shoots  may 
either  continue  to  develop,  or  they  mav  remain 
for  a  time  in  an  embrj'onic  condition,  as  buds.  Shoots  thus  ])ro- 
duced  in  the  axils  of  leaves  are  termed  axillary  shoots.  The  leaf 
in  the  axil  of  which  a  shoot  develops  is  called  its  subtending  leaf. 
An  axillary  shoot  is  usually  situated  in  a  line  with  the  middle  of  its 
subtending  leaf,  although  it  sometimes  becomes  pushed  to  one  side. 
As  a  rule,  only  one  shoot  develops  in  the  axil  of  a  leaf,  yet  there  are 
instances  where  it  is  followed  by  additional  or  accessory  shoots,  which 
either  stand  over  one  another  (serial  buds),  as  in  Lonirera,  Gleditschia, 
Gymnocladus,  or  side  by  side  (collateral  buds),  as  in  many  Liliaceae. 
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Although  in  the  vegetative  regions,  i.e.  the  regions  in  which  merel}' 
vegetative  organs  are  produced,  the  rudiments  of  the  new  shoots  of 
phanerogamic  plants  make  their  appearance  much  later  than  those  of 
the  leaves,  in  the  generative  or  fiower-producing  regions  the  forma- 
tion of  the  shoots  follows  directly  upon  that  of  their  subtending  leaves, 
or  it  may  even  precede  them.  In  this  last  case  the  subtending  leaves 
are  usually  either  poorly  developed  or  completely  suppressed,  as  in  the 
inflorescence  of  the  Crucvfeme,  in  which  a  series  of  phylogenetic  changes 
has  probably  led  to  this  result. 

Shoots  developing  in  definite  succession  from  the  grooving  points  of 
other  shoots  are  designated  normal,  in  contrast  to  adventitious 
SHOOTS,  which  are  produced  irregularly  from  the  older  portions  of  a 
plant.  Such  adventitious  shoots  show  no  definite  arrangement,  and 
frequently  spring  from  old  stems,  also  from  the  roots  of  herbaceous 
plants  {Brasdca  oleracea,  Anemone  sf/lvestris,  Convolvulus  arvensis,  Piumex 
Acetosella),  or  of  bushes  {llabiis,  Bosa,  Coi'ylus),  or  of  trees  (Pojmhis, 
Ubnus,  lloUnia),  or  they  may  develop  even  from  leaves,  particularly 
from  the  fronds  of  Ferns.  An  injury  to  a  plant  will  frequently  induce 
the  formation  of  adventitious  shoots,  and  for  this  reason  gardeners 
often  make  use  of  pieces  of  stems,  rhizomes,  or  even  leaves  as 
cuttings  from  Avhich  to  produce  new  plants.  A  leaf  of  a  Begonia 
merely  placed  upon  damp  soil  will  soon  give  rise  adventitiously  to 
new  plants. 

Leaves  and  also  normal  shoots,  which  make  their  appearance  as 
outgrowths  from  the  portions  of  the  parent  shoot  still  in  embryonic 
condition,  have  an  external  or  exogenous  origin.  Adventitious  shoots, 
on  the  other  hand,  which  arise  from  the  older  parts  of  stems  or  roots, 
are  almost  always  endogenous.  They  must  penetrate  the  outer 
portions  of  their  parent  shoot  before  becoming  visible.  Adventi- 
tious shoots  formed  on  leaves,  however,  arise,  like  normal  shoots, 
exogenousl}'. 

The  further  Development  of  the  Shoot. — All  normal  shoots 
are  dependent  for  their  origination  upon  the  embryonic  substance 
of  the  growing  point  of  the  parent  shoot ;  even  when  they  make 
their  appearance  at  some  distance  from  the  growing  apex  (Fig.  17), 
embryonic  substance  has  been  reserved  at  that  point  for  their  forma- 
tion. The  growing  points  of  adventitious  shoots  are  also,  for  the  most 
part,  produced  from  tissue  w^hich  has  retained  its  embryonic  condi- 
tion in  the  older  portions  of  the  plant.  In  some  cases,  however,  they 
arise  from  newly-developed  growing  points,  and  afford  evidence  of 
the  power  inherent  in  plants  to  return  to  an  embryonic  state  and 
produce  new  growing  points.  The  processes  of  development  which 
result  in  the  production  of  new  segments  at  the  apex  of  a  shoot  are 
followed  by  an  increase  in  size  and  by  the  further  growth  of  the 
segments.  This  growth  is  usually  introduced  by  the  vigorous  elonga- 
tion of  the  segments,  b}^  means  of  which  their  rapid  unfolding  from 
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the  bud  is  brought  about.  The  region  of  strongest  growth  in  a 
shoot  is  always  at  some  distance  from  its  growing  point. 

The  growth  in  length  and  consequent  elongation  of  the  shoot  is  in 
some  cases  so  slight  that  the  leaves  remain  close  together,  and  leave 
no  free  spaces  on  the  stem,  thus  forming  so  called  DWAitK  shoots.  As 
examples  of  such  dwarf  shoots  may  be  mentioned  the  thickly-clustered 
needles  or  fascicled  leaves  of  the  Larch,  the  rosettes  formed  by  the 
fleshy  leaves  of  the  House-leek  (Semjiervivum),  and  also  the  flowers  of 
Phanerogams  with  their  thickly-crowded  floral  leaves.  In  the  ordinary' 
or  ELONGATED  SHOOTS,  such  as  are  formed  in  the  spring  b}'  most 
deciduous  trees,  the  jiortions  of  the  stem  between  the  insertions  of  the 
leaves  become  elongated  by  the  stretching  of  the  shoot.  The  stem 
of  a  shoot,  as  contrasted  with  the  leaves,  is  often  spoken  of  as  the 
axis ;  while  the  portions  of  the  stem  axis  between  the  insertions  of  the 
leaves  are  termed  the  INTERNODES,  and  the  parts  of  the  axis  from  which 
the  leaves  arise  the  nodes.  AVhen  the  base  of  the  leaves  encircles  the 
stem,  or  when  several  leaves  take  their  origin  at  the  same  node,  the 
nodes  become  strongly  marked  (Lahmtuc). 

In  some  cases  the  growth  in  length  of  a  shoot  continues  for  a 
longer  time  at  certain  intermediate  points  by  means  of  INTERCALARY 
(GROWTH.  Such  points  of  intercalary  growth  are  generally  situated  at 
tlie  base  of  the  internodes,  as  in  the  case  of  the  Grasses.  A  disjilace- 
ment  from  the  position  originally  occupied  b}^  the  members  of  a  shoot 
frequently  results  from  intercalary  growth.  A  bud  may  thus,  for 
example,  become  pushed  out  of  the  axil  of  its  subtending  leaf,  and 
so  apparently  have  its  origin  much  higher  on 
the  stem  ;  or  a  subtending  leaf,  in  the  course  of 
its  growth,  may  carry  its  axillary  bud  along 
with  it,  so  that  the  shoot  which  afterwards 
develops  seems  to  spring  directly  from  its  sub- 
tending leaf ;  or,  finally,  the  subtending  leaf 
may  become  attached  to  its  axillary  shoot,  and 
growing  out  with  it,  may  thus  appear  to  spring 
from  it  (Fig.  20). 

Resting  Buds. — As  a  means  of  protection, 
buds  may  become  invested,  in  winter,  with 
scale  -  like  leaves  or  r.UD  -  scales,  which  are 
rendered  still  more  eff'ective  as  protective  struc- 
tures by  hairy  outgrowths  and  excretions  of 
resin  and  srum,  and  also  by  the  occurrence  of 
air-spaces.  Not  infrequently  the  subtending  ^^^^^  ^^^^^^^^  (a) 
leaf  takes  part  in  the  protection  of  its  axillary  hearing  its  sui.t<Mi(iiiig 
bud,  and  the  base  of  the  leaf-stalk,  after  the 
leaf  itself  has  fallen,  remains  on  the  shoot  and 

forms  a  cap-like  covering  for  the  winter  bud.  The  buds  of  tropical 
plants,  which  have  to  withstand  a  dry  period,  are  similarly  protected  ; 
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throughout 


the 


year 


but  where  the  rainfall  is  evenly  distributed 
buds  develop  no  such  means  of  protection. 

Many  of  the  deciduous  trees  in  Temperate  regions  are  inclined  to  unfold  their 
Avinter  buds  in  the  same  vegetative  period  in  which  they  are  produced.  This 
tendency  is  particularly  marked  in  the  Oak,  and  results  in  the  development  of  a 

MIDSUMMER  CiROWTH. 

All  the  buds  of  a  plant  do  not  develop  ;  there  are  numerous  deciduous  trees — 
such  as  the  Willow,  in  Avhich  the  terminal  buds  of  the  year's  gi'owtli  regularly  die. 
Sometimes  buds,  usually  the  first-formed  buds  of  each  year's  shoot,  seem  able  to 
remain  dormant  during  many  years  without  losing  their  vitality  ;  these  are  termed 
DORMANT  BUDS,  In  the  case  of  the  Oak  or  Beech  such  latent  buds  can  endure 
for  hundreds  of  years  ;  in  the  meantime,  by  the  elongation  of  their  connection  witli 
the  stem,  they  continue  on  its  surface.  Often  it  is  these,  rather  than  adventitious 
buds,  which  give  rise  to  the  new  growths  formed  on  older  parts  of  stems.  It  may 
sometimes  happen  that  the  latent  buds  lose  their  connection  with  the  Avoody  parts 
of  their  parent  stem,  but  nevertheless  grow  in  thickness,  and  develop  their  own 
wood  ;  they  then  form  remarkable  spherical  groAvtlis  within  the  bark,  which  may 
attain  the  size  of  a  hen's  egg  and  can  be  easily  separated  from  the  sun'ounding 
bark.    Such  globular  shoots  are  frequently  found  in  Beech  and  Olive  trees. 

The  Metamorphosis  of  the  Shoot. — The  bulbils  and  gemm^, 
which  become  separated  from  their  parent  plant  and  serve  as  a  means 
of  reproduction,  are  special  forms  of  modified  buds.  They  are  always 
well  supplied  with  nutritive  substances,  and  are  of  a  corresponding 
size.  ]\Iany  plants  owe  their  specific  name  to  the  fact  that  they  produce 
such  bulbils,  as,  for  example,  Lilmm  InilUferuiii  and  Dentaria  hulbifera. 

Shoots  that  live  underground  undergo  characteristic  modifications, 
and  are  then  termed  ROOT-STOCKS  or  rhizomes.  By  means  of  such  sub- 
terranean shoots  many  perennial  plants  are  enabled  to  persist  through 
the  winter.  A  rhizome  develops  only  modified  leaves  in  the  form  of 
larger  or  smaller,  sometimes  scarcely  visible,  scales.    By  the  presence 

of  such  scale  leaves  and  by 
its  naked  vegetative  cone, 
as  well  as  by  its  internal 
structure,  a  rhizome  may 
be  distinguished  from  a 
root.  Rhizomes  usually 
produce  numerous  roots ; 
but  when  this  is  not  the 
case,  the  rhizome  itself 
functions  as  a  root.  Rhi- 
zomes often  attain  a  con- 
siderable thickness  and 
store  up  nutritive  material 
for  the  formation  of  aerial 
shoots.  In  the  accompanying  illustration  (Fig.  21)  is  shown 
the  root-stock  of  the  so-called  Solomon's  Seal  {Pohjgonaium  mvJti- 
florum).    At  d  and  c  are  seen  the  scars  of  the  aerial  shoots  of  the 


Fig.  21. — Rhizome  of  Polygonatura  multiflorinn.  o.  Bud  of 
next  year's  aerial  growth ;  h,  scar  of  this  year's,  and 
c,  d,  e,  scars  of  three  preceding  years'  aerial  growth  ;  v:, 
roots.  Q  nat.  size.) 
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two  preceding  years  ;  and  at  h  may  be  seen  the  base  of  the  stem 
growing  at  the  time  the  rhizome  was  taken  from  the  ground,  wliile  at 
a  is  shown  the  bud  of  the  next  year's  aerial  growth.  The  rhizome  of 
CoralUorrhiza  innafa,  a  saprophytic  Orchid,  afiords  a  good  example  of  a 
root-stock  functioning  as  a  root  (Fig.  22).  Bri.BS,  also,  belong  to  the 
class  of  metamorphosed  shoots.  They  represent  a  shortened  shoot 
with  a  flattened,  discoid  stem  (Fig.  23,  :Z),  the  Heshy  thickened  scale 


Fig.  22.— Rhizome  of  ComUio7-rhi:a  innafa. 
a,  Floral  shoot ;  h,  rudiments  of  new 
rhizome  branches.  (After  Schacht, 
nat.  size.) 


Fig.  23.  —  Longitudinal  .section  of  tulij* 
bulb,  ThZ/jx'  (iesneriona.  :k,  Modilifd 
stem ;  rj;,  scale  leaves ;  c,  termin.Tl 
bud  ;  k,  rudiment  of  a  youni;  bulb  ;  i'-, 
roots.   (Nat.  size.) 


leaves  (:5)  of  which  are  filled  with  reserve  food  material.  The  aerial 
growth  of  a  bulb  develops  from  its  axis,  while  new  bulbs  are  formed 
from  buds  (k)  in  the  axils  of  the  scale  leaves.  Another  form  of 
underground  shoot,  allied  to  bulbs  and  connected  with  them  by 
transitional  forms,  is  distinguished  as  a  tuber.  The  axis  of  a  typical 
tuber,  in  contrast  to  that  of  a  bulb,  is  fieshy  and  swollen,  functioning 
as  a  reservoir  of  reserve  material,  while  the  leaves  are  thin  and  scaly. 
Of  such  tubers  those  of  the  Meadow  Saftron  {Colchinun  a)ftifmntile)  or 
of  Crocus  satinis  are  good  examples.  In  the  ^leadow  Saffron  new 
tubers  arise  from  axillary  buds  near  the  base  of  the  modified  shoot, 
but  in  the  Crocus  from  buds  near  the  apex.  In  consequence  of  this,  in 
the  one  case  the  new  tubers  appear  to  grow  out  of  the  side,  and  in  the 
other  to  spring  from  the  top  of  the  old  tubers.  The  tubers  of  the  Potato 
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(Fig.  24)  or  of  the  Jerusalem  Artichoke  {Helianthns  iuherosiis)  are  also 
subterranean  shoots  with  swollen  axes  and  reduced  leaves.  They 
are  formed  from  the  ends  of  branched,  underground  shoots  or  runners 
(stolons)  and  thus  develop  at  a  little  distance  from  the  parent  plant. 
The  so-called  eyes  on  the  outside  of  a  potato,  from  which  the  next 
year's  growth  arises,  are  in  realit}'-  axillary  buds,  but  the  scales  which 
represent  their  subtending  leaves  can  only  be  distinguished  on  very 
young  tubers.  The  parent  plant  dies  after  the  formation  of  the  tubers, 
and  the  reserve  food  stored  in  the  tubers  nourishes  the  young  plants 
which  afterwards  develop  from  the  eyes.     As,  in  their  uncultivated 


Fig.  24. — Part  of  a  j^rowiiig  Potato  plant,  Snlanum  tuherosuni.  The  Avhole  plant  has  been  de- 
veloped from  i\\fi  (lark-coloured  tuber  in  the  centre.  (From  Xature,  copied  from  one  of 
Baillox '^5  illustrations,  \  nat.  size.) 

state,  the  tubers  of  the  Potato  plant  remain  in  the  ground  and  give 
rise  to  a  large  number  of  new  plants,  it  is  of  great  advantage  to  the 
new  generation  that  the  tubers  are  produced  at  the  ends  of  runners, 
and  are  thus  separated  from  one  another.  Similar  advantages  accrue 
from  surface  runners,  such  as  are  produced  on  Strawberry  plants. 
Surface  runners  also  bear  scale-like  leaves  with  axillary  buds,  while 
roots  are  developed  from  the  nodes.  The  new  plantlets,  which  arise 
from  the  axillary  buds,  ultimately  form  independent  plants  by  the 
death  of  the  intervening  portions  of  the  runners. 

Still  more  marked  is  the  modification  experienced  b}'  shoots  which 
only  develop  reduced  leaves,  but  the  axes  of  which  become  flat  and 
leaf-like,  and  assume  the  functions  of  leaves.  Such  leaf-like  shoots  are 
called  CLADODES  or  phylloclades.  Instructive  examples  of  such  forma- 
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tions  are  furnished  by  liuscus  aculeatus  (Fig.  25),  ii  siiuill  .slniih  whose 
stems  bear  in  the  axils  of  their  scale-like  leaves  ( /  )  broad,  sharp-pointed 
cladodes  (cl),  which  have  altogether  the  api)earance  of  leaves.  The 
flowers  arise  from  the  upper  surface  of  these  cladodes,  in  the  axils  of 
scale  leaves.  In  like  maimer  the  stems  of  the  Oi)untias  (Fig.  20)  are 
considerably^  flattened,  while  the  leaves  are  reduced  to  small  thorny 
protuberances.  In  this  case  the  juicy  Hat  .shoots  perform  not  oidy  the 
functions  of  assimilatory  organs,  but  also  serve  as  water-reservoirs  in 
time  of  drought.  It  is  possible  that  all  the  leaves  of  a  plant  may 
become  more  or  less  comi)letely  reduced,  without  ajiy  marked  change 


Fig.  25. — Twit,'  oi  U>(.<c>is  dculcatus.  f,  Leaf;        Tic;.  '2o. — Opuntia  iikiiku-ii  ntha  Haw.,  showing  flower 
d,  clad  ode  ;  hi,  flower.    (Xat.  .size.)  and  fruit,    (.\fter  Schumann,  !  iiat.  size.) 

occurring  in  the  appearance  of  the  stems,  except  that  they  then  take 
on  a  green  colour ;  this,  for  example,  is  the  case  in  the  Scotch  Broom 
(Sjxirtium  scojxirium),  which  develops  only  a  few^  cpiickly-falling  leaves 
at  the  end  of  its  long,  naked  twigs ;  or,  as  in  many  sj)ecies  of  rushes 
(Juncus,  S('ir2:)ns),  whose  erect,  slender,  wand-like  stems  are  entirely 
leafless  and  at  the  same  time  unbranched.  As  a  rule,  however,  ail 
leafless  green  Phanerogams  will  be  found  to  have  swollen  stems,  as  in 
tlie  variously  shaped  Euphorhiae  and  Cadi. 

A  great  reduction  in  the  leaves,  and  also  in  the  stems,  often 
occurs  in  phanerogamic  parasites,  in  consequence  of  their  parasitic 
mode  of  life.  The  leaves  of  the  Dodder  {Cusniin,  Fig.  185,  h)  are 
only  represented  by  very  small,  yellowish  scales,  and  the  stem  is 
similarly  yellow  instead  of  green.     The  green  colour  would,  in  fact, 
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be  superfluous,  as  the  Dodder  does  not  produce  its  own  nourishment,  but 
derives  it  from  its  host  phmt.  Cuscuta  TrifoUij  one  of  the  most  fre- 
quent of  these  parasites,  is  often  the  cause  of 
the  large  yellow  areas  frecjuentl}'  observable 
in  the  midst  of  clover  fields.  In  certain  tropi- 
cal parasites  belonging  to  the  families  Batfiesi- 
aceae  and  Balanojyhoraceae,  the  process  of  re- 
duction has  advanced  so  far  that  the  flowers 
alone  are  left  to  represent  the  whole  plant. 
Bafflesia  Arnoldi,  a  plant  growing  in  Sumatra, 
is  a  remarkable  example  of  this  ;  its  flowers, 
although  they  are  a  metre  Avide,  the  largest 
flowers  in  existence,  spring  directly  from  the 
roots  of  another  plant  (species  of  Cissus). 

A  peculiar  form  of  metamorphosis  is  ex- 
hibited by  some  climbing  plants  through  the 
transformation  of  certain  of  their  shoots 
into  TENDRILS.  Such  tendrils  assist  the 
parent  plant  in  climbing,  either  by  twining 
about  a  support  or  otherwise  holding  fast  to 
it.     The  twinino-  bifurcated  tendrils  of  the 

o 

Grape-vine,  for  example,  are  modified  shoots, 
and  so  are  also  the  more  profusely  branched, 
hold -fast  tendrils  of  Amjjelojisis  Veikhu 
(Fig.  27). 

Shoots  may  undergo  a  still  greater  re- 
duction by  their  modification  into  THORNS, 
as  a  defence  against  the  depredations  of  animals.  Of  shoots  modi- 
fied in  this  manner,  the  Black  Thorn  (Briinus 
sjnnosa),  the  White  Thorn  (Crataegus),  and  the 
Honey  Locust  (Gleditschia)  afford  instructive 
examples.  The  thorns  are  simple  or  branched, 
hard,  pointed  bodies.  In  Gleditschia  (Fig.  28) 
the  thorns  are  developed  primaril}'  from  the 
uppermost  of  seA^eral  serial  buds  ;  while 
secondary  thorns  may  develop  on  older  por- 
tions of  the  stem  from  the  lower  buds  of 
the  series,  and  thus  give  rise  to  clusters  of 
thorns. 

The  most  marked  change  in  the  form  of 
the  shoot,  in  addition  to  the  displacement  and 
union  of  its  difl'erent  members,  takes  place  in 
phanerogamic  flowers.    The  shoots  from  which  fig.  2s.— stem-thom  of  Gicf^u- 
flowers  are   developed   are   termed   floral     ^^^^^c  trwconthos.    g  "at- 
SHOOTS,  in  contrast  to  the  follige  shoots,  '"'^^"^ 
the  functions  of  which  are  merelv  vegetative.    The  axis  of  the  floral 
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shoot  remains  short  and  becomes  flattened  or  even  depressed  at  the 
tip.  The  vegetative  cone  of  the  rudimentary  flower-bud  also  undergoes 
corresponding  modifications.  The  floral  leaves,  which  spring  from 
the  floral  axis,  often  grow  together,  and  in  many  cases  become  so  united 
M'ith  the  axis,  that  it  is  only  possible  to  discover  the  difterent  steps 
of  this  process  by  means  of  thorough  phylogenetic  and  comj^arative 
morphological  investigation.  In  most  instances  the  rule  seems  to  hold 
that  axillary  buds  are  not  formed  within  a  flower  except  in  cases  of 
abnormal  development. 

Shoots  and  their  Order  of  Sequence. — If  the  vegetative  cone  of 
the  primary  axis  of  a  plant,  after  reaching  maturity,  is  capable  of 
reproduction,  a  plant  with  but  one  axis  will  result,  and  the  jdant  is 
designated  uniaxial  or  haplocaulescent.  Usually,  however,,  it  is  not 
until  a  plant  has  acquired  axes  of  the  second  or  third  order,  when  it  is 
said  to  be  diploc  aulescent  or  triplocaulescext,  or  of  the  nth  order, 
that  the  capacity  for  reproduction  is  attained.  A  good  illustration  of 
a  plant  with  a  single  axis  is  aftorded  by  the  Poppy,  in  which  the  first 
shoot  2)roduced  from  the  embryo  terminates  in  a  flower,  that  is,  in 
that  organ  of  Phanerogams  which  gives  rise  to  the  embryonic  germs. 
As  an  example  of  a  jilant  with  a  triple  axis  may  be  cited  the  common 
Plantain,  Plontago  nutj or,  whose  primary  axis  produces  only  foliage  and 
scale  leaves  ;  while  the  secondary  axes  give  rise  solely  to  bracteal 
leaves,  from  the  axils  of  which  finally  spring  the  axes  of  the  third  order, 
which  terminate  in  the  flowers.  In  the  case  of  trees,  only  shoots  of 
the  nth  order  can  produce  flowers. 

The  Habit  or  General  Aspect  of  Plants  is  dependent  upon  their 
origin,  mode  of  growth,  and  duration,  and  upon  the  pecidiar  develoi>- 
ment  of  their  branch  systems.  Cormophytes  which  develop  herbace- 
ous aerial  shoots,  and  persist  only  so  long  as  is  requisite  for  the 
development  and  ripening  of  their  fruit,  be  it  one  or  several  vegetative 
periods,  are  called  herbs.  Herbaceous  plants,  however,  which, 
although  annually  dying  down  to  the  ground,  renew  their  existence 
each  3'ear  by  means  of  new  shoots  produced  from  underground  shoots, 
rhizomes,  or  roots,  are  further  distinguished  as  perenniaL-S  or  perennial 
herbs.  Shrubs  or  trees,  on  the  other  hand,  have  woody,  persistent 
shoots,  which  bear  fruit  repeatedly.  Shrubs  retain  their  lateral  shoots, 
so  that  their  branches  are  formed  near  the  ground  ;  trees,  on  the 
contrary,  soon  lose  their  lower  lateral  branches,  and  have  a  main  stem 
or  trunk,  which  bears  a  crown  of  branches  and  twigs. 

In  catalogues  and  descriptions  of  plants  the  duration  of  the  period  of  <n'owth 
is  usually  expressed  hy  special  symbols  :  thus  ^i.  indicates  an  annual  ;  G  a  biennial, 
and  Z  a  perennial  herb  ;  h  is  employed  to  designate  hoth  trees  and  shrul»s,  and 
for  trees  the  sign  %  is  also  in  use. 
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The  Stem  or  Axis  of  the  Shoot 

According  as  the  axis  of  a  shoot  remains  herbaceous  or  becomes 
hard  and  lignified,  a  distinction  is  drawn  between  an  herbaceous 
and  a  wood}^  stem.  A  long  leafless  shoot  arising  from  a  rosette  of 
radical  leaves  and  producing  only  flowers  is  called  a  scape.  The 
hollow  jointed  stems  of  the  Gramineae  are  termed  grass-haulms, 
and  should  be  distinguished  from  the  similar  stems  or  haulms  of  the 
Juncaceae  and  Cijpcracvae,  which  are  unjointed  and  filled  with  light 
porous  pith.  Plants  Avith  short  swollen  stems,  being  apparently  stem- 
less,  are  described  as  acaulescent.  The  actual  stem  of  such  acaul- 
escent  plants  may  be  thickly  clothed  with  leaves  throughout  its  entire 
length,  as  in  the  case  of  the  Agave,  or  it  may  bear  leaves  only  at  its 
apex,  as  in  the  Cydarnen.  Stems  are  also  distinguished  as  round, 
elliptical,  angular,  etc.,  according  to  their  appearance  in  cross-section. 


The  Leaf 


Development  of  the  Leaf. — The  first  appearance  of  the  leaf  as  a 
lateral  protuberance  (Fig.  17,/)  on  the  vegetative  cone  of  the  shoot 
has  already  been  referred  to  (p.  18).  In  a  transverse  section 
through  the  apex  of  a  shoot  (Fig.  29),  the  origin  of  leaves  as  lateral 
protuberances  is  more  evident  than  in  a  longi- 
tudinal section.  The  embryonic  leaf  rudiment 
generally  occupies  but  a  small  portion  of  the 
perijihery  of  the  vegetative  cone ;  it  may,  how- 
ever, completely  invest  it.  In  like  manner, 
when  the  mature  leaves  are  arranged  in  whorls, 
the  developing  protuberances  of  the  rudimentary 
leaves  may,  although  this  is  not  usually  the  case, 
form  at  first  a  continuous  w^all-like  ring  around 
the  growing  point ;  and  only  give  rise  later  to 
the  separate  leaf  rudiments.  Leaves  take  their 
origin  only  from  such  parts  of  a  plant  as  have 
remained  in  an  embryonic  condition.    To  this 

Fig.  29.— Apical  view  of  the        ,      ^ ,  .  a     i  r 

vegetative  cone  of  a  shoot  i^^le  there  are  no  exceptions.     A  leaf  never 
of  Efonymus  japonicus.  arises  directl}^  from  the  older  parts  of  a  plant. 
^^"^  In  cases  where  it  apparently  does  so  its  develop- 

ment has  been  preceded  by  the  formation  of  a  growing  point  of  a  new 
shoot.  When  it  first  appears  on  the  vegetative  cone  a  rudimentary 
leaf  resembles  an  embryonic  shoot,  but  a  difference  soon  manifests 
itself,  and  the  shoot  rudiment  develops  a  vegetative  cone  and  lateral 
protuberances  for  the  formation  of  leaves.  The  growing  point  of 
a  shoot  has  usually  an  unlimited  growth,  while  the  growth  of  a 
leaf  is  LIMITED.    A  leaf  usually  continues  to  grow  at  its  apex  for  a 
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short  time  only,  and  then  completes  its  segmentation  and  develop- 
ment by  intercalary  growth.  It  is  true  that  some  leaves,  as  those  of 
Ferns,  not  only  continue  growing  for  a  long  time,  but  also  retain 
a  continuous  apical  growth  and  complete  their  whole  segmentation  in 
acropetal  succession.  On  the  other  hand,  the  leaf- like  cladodes, 
although  they  are  in  reality  metamorphosed  shoot.s,  exhibit  a  limited 
apical  growth  like  that  of  ordinary  leaves. 

Leaving  out  of  consideration  the  Ferns  and  a  few  related  })lants,  the 
following  observations  in  regard  to  the  development  of  the  leaf  hold 
good  for  the  majorit}'  of  Cormophytes.  The  unsegmenteil  protuber- 
ance of  the  stiil  rudimentary  leaf,  termed  l»v  Eichleu  the  prJMiUiDiAL 
LE.^  (Fig.  30,  A,  b),  first 
projects  from  the  vegetative 
cone  of  the  shoot  {A,  r). 
This  is  usually  followed  by 
a  separation  of  the  primor- 
dial leaf  into  the  leaf- 
base  {ff  in  A  and  i>)  and 
the  rudimentary  lamina  or 
UPPER  LEAF  (o  in  A  and  B). 
The  leaf-base,  or  the  part  of 
the  rudimentary  leaf  which 
immediately  adjoins  the 
vegetative  cone,  either  takes 
no  further  part  in  the  suc- 
ceeding differentiation  of  the 
leaf,  or  it  develops  into  a  leaf-sheath  (vagina)  or  into  .stipules. 
The  upper  leaf,  on  the  other  hand,  gives  rise  to  the  leaf-blade  or 
LAMINA.  If  the  tully-developed  leaf  possesses  a  leaf-stalk  (petiole), 
it  becomes  afterwards  interposed  by  intercalary  growth  between  the 
upper  leaf  and  the  leaf-base. 

The  metamorphosis  of  the  leaf  is  exhibited  in  its  greatest  diversity 
by  the  leaves  of  Phanerogams,  in  which  the  various  homologous  leaf 
structures  have  been  distinguished  as  Sc  ale  leaves,  foliage  leaves, 

BRACTEAL  LEAVES,  and  FLORAL  LEAVES. 

Foliage  Leaves,  generally  referred  to  simply  as  leaves,  are  the 
leaf  structures  on  which  devolves  the  task  of  providing  nourishment 
for  their  parent  plants.  As  the  exercise  of  this  function  is  dependent 
upon  the  presence  of  a  green  pigment,  folinge  leaves  have,  accordingly, 
a  green  colour.  In  certain  cases,  where  their  form  is  extremely  simple, 
as  in  the  needles  of  Conifers,  the  primordial  leaf  simply  increases  in 
length  without  any  further  differentiation  into  parts.  In  other  un- 
divided leaves,  however,  whether  lanceolate,  elliptical,  ovate,  or  other- 
wise shaped,  the  tlat  leaf  lamina  is  distinct  from  the  leaf-lmse,  while  a 
leaf-stalk  may  also  be  interpolated  between  them.  If  no  leaf-stalk  is  de- 
veloped the  leaf  is  said  to  be  sessile,  otherwiseit  is  described  as  stalked. 


-i  B 

Fig.  30.— Apex  of  an  Eliu  shoot,  Ulmvs  ann^stris.  A, 
Showing  the  vegetative  cone  r,  with  the  rudiments 
of  a  young  leaf,  ^,  still  unsegmented.  and  of  the  next 
older  leaf,  exhibiting  segmentation  into  the  laminar 
rudiment,  o.  and  leaf-lxise,  fj ;  IS,  showing  the  older 
leaf,  viewed  fi-om  the  side,    (x  5S.) 
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The  sessile  leaves  usually  clasp  the  stem  by  a  broad  base.  Where,  as  in 
the  case  of  the  Poppy  (PajMver  somniferum)  and  of  the  different  species 
of  Bupleumm,  the  leaf-base  surrounds  or  clasps  the  stem,  the  leaves  are 
described  as  perfoliate.  If  the  bases  of  two  opposite  leaves  have 
grown  together,  as  in  the  Honeysuckle  (Lonicem  Cajjrifolium),  they  are 
said  to  be  connate.  Where  the  blade  of  the  leaf  continues  downwards 
along  the  stem,  as  in  the  winged  stems  of  the  common  Mullein  {Fer- 
hascum  thaimforme),  the  leaves  are  distinguished  as  decurrent.  The 
petiole  of  a  leaf  merges  either  directly  into  the  leaf-base,  or  it  swells  at 
its  lower  end  into  a  leaf-CUSHION  or  PULVINUS,  and  is  thus  articulated 
with  the  leaf-base.  This  is  the  case,  for  instance,  with  many  of  the 
Legiujiinosae  (Fig.  213).  The  leaf-blade,  in  turn,  may  be  either  sharply 
marked  off  from  the  petiole,  or  it  may  be  prolonged  so  that  the  petiole 
appears  winged,  or  again  it  may  expand  at  its  junction  Avith  the  petiole 
into  ear-like  lobes.  A  leaf  is  said  to  be  entire  if  the  marsrin  of  the  leaf- 
blade  is  wholly  free  from  indentations ;  otherwise,  if  only  slightly 
indented,  it  is  usually  described  as  serrate,  dentate,  crenate,  un- 
dulate, SINUATE,  or  INCISED,  as  the  case  may  be.  AVhen  the  inci- 
sions are  deeper,  but  do  not  extend  more  than  half-way  to  the 
middle  of  the  leaf-blade,  a  leaf  is  distinguished  as  lobed  or  cleft 
according  to  the  character  of  the  incisions,  whether  more  or  less 
rounded  or  sharp ;  if  the  incisions  are  still  deeper  the  leaf  is  said 
to  be  partite,  and  if  they  joenetrate  to  the  midrib  or  base  of  the 
leaf-blade  it  is  termed  divided.  The  divisions  of  the  leaf-blade 
are  said  to  be  pinnate  or  palmate,  according  as  the  incisions  run 
towards  the  midrib  or  towards  the  base  of  the  leaf-blade.  Where  the 
divisions  of  the  leaf-blade  are  distinct  and  have  a  separate  insertion  on 
the  common  leaf-stalk  or  on  the  midrib,  then  termed  the  spindle  or 
RHACHis,  a  leaf  is  spoken  of  as  compound;  in  all  other  cases  it  is  said  to 
be  simple.  The  single,  separate  divisions  of  a  compound  leaf  are  called 
leaflets.  These  leaflets,  in  turn,  may  be  entire,  or  may  be  divided  and 
undergo  the  same  segmentation  as  single  leaves.  In  this  way  double 
and  triple  compound  leaves  may  be  formed.  The  leaflets  are  either 
sessile  or  stalked ;  and  sometimes  also,  as  in  IloUnia  and  Mimosa,  their 
stalklets  articulate  with  the  spindle  by  means  of  swollen  pulvini.  The 
term  pedate  is  applied  to  leaves  on  which  segments  are  further 
divided  on  one  side  only,  and  the  new  segments  are  similarly 
divided.  Variations  in  the  outline  of  leaves,  whether  they  are 
entire,  serrate,  dentate,  crenate,  incised,  etc.,  as  well  as  peculiarities 
in  their  shape  and  segmentation,  are  of  use  in  the  determination 
of  plants.  The  venation  or  nervature  of  leaves  is  also  taken 
into  consideration,  and  leaves  are  in.  this  respect  described  according 
to  the  direction  of  their  so-called  veins  or  nerves,  as  parallel 
veined  or  NETTED  VEINED.  In  parallel  venation  the  veins  or  nerves 
run  either  approximately  parallel  with  each  other  or  in  curves,  con- 
verging at  the  base  and  apex  of  the  leaf  (Fig.  31,  s) ;  in  netted  veined 
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leaves  (Fig.  178)  the  veins  branch  off  from  one  another,  and  gradually 
decrease  in  size  until  they  form  a  fine  anastomosing  network.    In  leaves 
A\ath   parallel    venation    the  i)arallel  main 
nerves  are  usually  united  l)y  weaker  cross 
veins.    Netted  or  reticulately  veined  leaves 
in  which  the  side  veins  run  from  the  median 
main  nerve  or  midrib  are  further  distin-  li 
guished  as  pinnately  veined,  or  as  pal- 
MATELY  VEINED  when  several  equally  strong 
ribs  separate  at  the  base  of  the  leaf-ljlade, 
and  give  rise  in  tiu'n  to  a  network  of  weaker 
veins.    Parallel  venation  is  characteristic,  in 
general,  of  the  Monocotyledons ;  reticulate 
venation,  of  Dicotyledons.  Monocotyledons 
have  usually  sinii)le  leaves,  while  the  leaves 
of  Dicotyledons  are  often  compound,  and  are 
also  more  frequently  provided  with  stalks. 
Many  plants  are  characterised  by  the  de- 
velopment of  different  forms  of  foliage  leaves.  | 
Such  a  condition  is  known  as  heteroph3dly.  ' 
Thus  the  earlier  leaves  of  Encahji>t\i$,  (jlohiilm 
are  sessile  and  oval,  while  those  subsequently 
formed  are  stalked  and  sickle-shaped.     In  : 
other  cases  the  heterophyllous  character  of  j 
the  leaves  may  represent  an  adaptation  to  the 


surrounding  environment,  as  in  the  Water 
Crowfoot  {Bannnrulns  aqU'ftiU.<),  in  which  the 
floating  leaves  are  lobed,  while  those  entirely 
submerijed  are  finelv  divided. 


'J 


i.  31. — Part  i)f  stem  and  leaf  o 
a  grass,  h,  Haulm ;  r,  leaf- 
sheath  ;  k,  swelling  of  the  leaf- 
sheath  above  tlie  node  ;  i«irt 
of  leaf-blade  ;  I,  ligule.  (Nat. 
size.) 


The  nerves  or  veins  give  to  a  leaf  its  necessary 
mechanical  rigidity  and  render  possible  its  flattened 
form.  The  branches  of  the  veins  parallel  to  the  margin 

of  most  leaves  prevent  their  tearing:  when  there  are  no  sncli  marginal  nervis  in 
large  thin  leaves,  the  lamina  is  easily  torn  into  strijis  by  the  wind  and  rain.  This 
frequently  happens  to  the  leaves  of  the  Banana  (Musa),  whicli,  consequently,  when 
growing  under  natural  conditions  in  the  open  air,  presents  ipiite  a  diHVrent  api»ear- 
ance  than  when  grown  under  glass.  The  leaves  of  the  Banana,  after  becoming 
thus  divided,  offer  less  resistance  to  the  wind.  In  a  similar  manner  tlie  leaves  of 
Palms,  although  undivided  in  their  bud  state,  become  torn  even  during  the  process 
of  their  unfolding.  A  similar  protection  from  injury  is  afforded  to  the  Aroid  {Mon- 
stcm)  by  the  holes  with  which  its  large  leaf-l)lades  become  perforated.  Equally 
advantageous  results  are  secured  by  many  plants  whose  leaves  are,  from  tlieir  very 
inception,  divided  or  dissected.  The  submerged  leaves  of  aijuatic  plants,  on  the 
other  hand,  are  generally  finely  divided  or  dissected,  not  only  for  mechanical 
purposes,  but  also  to  afford  a  more  complete  exposure  of  the  leaf  surface  to  the 
water.  Accordingly,  in  such  water-plants  as  llanunculus  aquatilis  (Fig.  197), 
which  })0ssess  both  floating  and  submerged  leaves,  it  is  generally  the  latter  only 
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that  are  dissected  and  filiform  in  character.  The  pointed  extremity  of  the  foliage 
leaves  of  many  land  plants,  according  to  Stahl,  facilitates  the  removal  of  water 
from  the  leaf  surface.  Fleshy  so-called  succulent  leaves,  like  fleshy  stems,  serve 
as  reservoirs  for  storing  water. 

In  Monocotyledons  the  leaf-base  very  often  forms  a  sheath  about 
the  stem  ;  in  Dicotyledons  this  happens  much  less  frequently.  In  the 
case  of  the  Gramiiieae,  the  sheath  is  open  on  the  side  of  the  stem 
opposite  the  leaf-blade  (Fig.  31,  r),  while  in  the  Cyperaceae  it  is  com- 
pletely grown  together.  The  sheath  of  the  grasses  is  prolonged  at  the 
base  of  the  lamina  into  a  scalj^  outgrowth,  the  ligule.  Such  a  sheath, 
while  j^rotecting  the  lower  part  of  the  internodes  Avhich  remain  soft 
and  in  a  state  of  growth,  gives  them  at  the  same  time  rigidity. 

Stipules. — These  are  lateral  appendages  sometimes  found  at  the 
base  of  leaves.  When  present  they  may  be  either  small  and  incon- 
spicuous, or  may  attain  a  considerable  size.  When  their  function  is 
merely  to  protect  the  young  growth  in  the  bud,  they  are  usually  of  a 
brown  or  yellow  colour,  and  are  not  persistent ;  whereas,  if  destined  to 
become  assimilatory  organs,  and  to  assist  in  providing  nourishment, 
they  are  green,  and  may  assume  the  structure  and  form  of  the  leaf-blade, 
which  sometimes  becomes  modified  and  adapted  to  other  purposes 
(Figs.  35,  36).  Normally,  the  stipules  are  two  in  number,  that  is,  one 
on  each  side  of  the  petiole.  In  many  species  of  Galium,  where  the 
stipules  resemble  leaf-blades,  the  leaf-whorls  appear  to  be  composed  of 
six  members,  but  consist  actually  of  but  tAvo  leaves  with  their  four 
stipules,  which  may  be  easily  distinguished  by  the  absence  of  any  buds 
in  their  axils.  In  other  species  of  the  same  genus  {Galium  cruciatum 
and  ijalustre)  there  are  only  four  members  in  the  whorls,  as  each  two 
adjoining  stipules  become  united.  In  many  cases  the  stipules  have  the 
form  of  appendages  to  the  enlarged  leaf -base.  Sometimes  both 
stipules  are  united  into  a  single  one,  which  then  appears  to  have  an 
axillary  origin ;  or  the  stipules  iSay  completely  encircle  the  stem,  and 
thus  form  a  sheath  about-  the  younger  undeveloped  leaves.  This 
sheath-like  fusion  of  the  stipules  may  be  easily  observed  on  the  India- 
rubber  tree  (Ficus  elastica),  now  so  commonly  grown  as  a  decorative 
plant.  In  this  case  the  stipular  sheath  is  burst  by  the  unfolding  of 
each  new  leaf  and  pushed  upwards  on  the  stem.  In  the  Foh/gonaceae 
the  stipular  covering  is  similarly  torn  apart  by  the  developing  leaves, 
but  then  remains  on  the  stem  in  the  form  of  a  membranous  sheath 
(ochrea). 

Scale  Leaves  possess  a  simpler  structure  than  foliage  leaves, 
and  are  attached  directly  to  the  stem,  without  a  leaf- stalk.  They 
exercise  no  assimilatory  functions,  and  are  more  especially  of  service 
as  organs  of  protection.  Scale  leaves  exercise  their  most  important 
function  as  bud-scales ;  they  are  then  hard  and  thick,  and  usually 
of  a  brown  colour.  They  most  frequently  take  their  origin  from 
the  enlarged  leaf-l)ase  ;  in  that  case  the  upper  leaf  either  does  not 
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develop,  or  exists  only  in  a  reduced  condition  at  the  apex  of  the 
scale.  The  true  morphological  value  of  scale  leaves  of  this  nature 
is  ver}^  evident  in  the  bud  scales  of  the  winter  buds  of  the  Horse- 
chestnut  {Acsculus  Hipporastanum) ;  for,  while  the  outer  scales  show 
no  perceptible  indications  of  an  upper  leaf,  small  leaf-blades  can  be 
distinctly  distinguished  at  the  apices  of  the  inner  scales.  In  other 
cases  the  scale  leaves  are  modified  stipules,  and  are  then  also  derived 
from  the  leaf-base  ;  while,  in  other  instances,  they  themselves  form 
the  enlarged,  but  still  undifferentiated,  primordial  leaves.  The  bud 
scales  of  the  Oak  are  the  stipules  of  leaves  in  which  the  laminie  are  only 
represented  by  minute  scales.  Scale  leaves,  usually  colourless  and  in 
various  stages  of  reduction,  are  found  on  rhizomes  (Fig.  21),  bulbs 
(Fig.  23),  and  tubers  (Fig.  24).  On  the  aerial  stems  arising  from  such 
subterranean  shoots  the  formation  of  similar  scale  leaves  generally 
precedes  the  development  of  the  foliage  leaves,  with  which  they  are 
connected  by  a  series  of  transitional  forms. 

Bracteal  Leaves  resemble  scale  leaves  in  form,  and  have  a  similar 
development.  They  act  as  subtending  leaves  for  the  floral  shoots, 
and  are  termed  br.\cts.  They  are  connected  with  foliage  leaves  by 
intermediate  forms.  Though  they  are  not  infrequently  green  they 
may  be  otherwise  coloured,  or  even  altogether  colourless. 

Floral  Leaves. — The  modified  leaves  which  form  the  flowers  of 
Phanerogams  are  termed  floral  leaves.  In  the  highest  development 
attained  by  a  phanerogamic  flower  (Fig.  32),  the  successive  floral  leaves 
are  distinguished  as  sepals 
(A"),  petals  {c),  stamens  ((/),  and 
carpels  (7).  In  most  cases  the 
sepals  are  green  and  of  a  firm 
structure;  the  petals,  on  the 
other  hand,  are  more  delicate 
and  variously  coloured.  The 
stamens  are  generally  filament- 
ous, and  produce  the  pollen 
in  special  receptacles.  The 
carpels  more  closel}"  resemble 
scale  leaves,  and  by  closing  to- 
gether form  receptacles  within 
which  the  ovules  are  pro- 
duced. The  stamens  and 
carpels  of  Phanerogams  corre- 
spond to  the  spore -bearing 
leaves  of  the  Vascular  Crypto- 
gams. Such  spore-bearing  leaves  are  termed  SPOROPHYLl^s,  and  even 
in  the  Vascular  Cryjitogams  exhibit  a  greater  or  less  departure  from 
the  form  of  other  foliage  leaves.  It  is  evident  that  the  scale  and 
bracteal  leaves  are  to  be  considered  as  rudimental  foliage  leaves,  not 
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Fio.  3-J.— Flower  oX  Paeon ia  j^crcjrina.  ).\  Sepals;  r, 
petals  ;  o,  stamens  ;  <?,  carpels.  Part  of  the  sepals, 
petals,  and  stamens  have  been  removed  to  show 
the  pistil,  consisting  of  two  separate  carpels.  (Half 
nat.  size.) 
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only  from  the  mode  of  their  development  but  also  from  the  possibility 
of  transforming  them  into  foliage  leaves.  Goebel,  b}^  removing  the 
growing  tip  and  foliage  leaves  of  a  shoot,  succeeded  in  forcing  it  to 
develop  other  foliage  leaves  from  its  scale  leaves.  Rhizomes,  grown 
in  the  light,  develop  foliage  leaves  in  place  of  the  usual  scale  leaves, 
and  even  on  a  potato  it  is  possible  to  induce  the  formation  of  small 
foliage  leaves  instead  of  the  customary  scale  leaves. 

Leaf-Sears. — After  a  leaf  has  fallen,  its  previous  point  of  insertion 
on  the  stem  is  marked  by  the  cicatrix  or  scar  left  by  the  fallen  leaf. 
In  winter,  accordingly,  when  the  trees  are  denuded  of  their  leaves,  the 
axillary  buds  are  plainly  perceptible  above  the  leaf-scars. 

The  Metamorphosis  of  Foliage  Leaves. — A  form  of  slightly  modi- 
fied foliage  leaves  is  seen 

o 

in  peltate  leaves,  or  those 
of  which  the  petioles  are 
attached  to  their  lower 
surfaces  somewhat  within 
the  margin,  as  in  the  leaves 
of  the  Indian  Cress  {Tro- 
jxieolum  majus,  Fig.  180). 
In  the  process  of  their  de- 
velopment the  young  leaf- 
blades,  in  this  case,  grow 
not  only  in  the  same  direc- 
tion as  the  petioles,  as  a 
prolongation  of  them,  but 
also  horizontally  in  front 
of  them.  The  tubular  leaves 
of  many  insectivorous  plants 
may  have  commenced  their 
development  in  much  the 
same  way.  The  leaves  of 
Nepenthes  rohnsta  (Fig.  33), 
for  example,  in  the  course 
of  adaptation  to  the  per- 
formance of  their  special 
function,  have  acquired  the 
form  of  a  pitcher  with  a 
lid  which  is  closed  in 
young  leaves,  but  eventu- 
ally opens.  The  pitcher,  as 
Goebel  has  shown,  arises 
as  a  modification  of  the  leaf-blade.  At  the  same  time  the  leaf- 
base  becomes  expanded  into  a  leaf -like  body,  while  the  petiole 
between  the  two  parts  sometimes  fulfils  the  ofiice  of  a  tendril.  By 
a  similar  metamorphosis  of  its  leaflets,  bladder -like  cavities  are 


Fig.  (id.—Nepenthea  rohusta.  (i  nat.  size.) 
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developed  on  the  submerged  leaves  of  Utriruhirw  (Fig.  34).  The 
entrance  to  each  bladder  is  fitted  with  a  small  valve  which  permits  the 
ingress  but  not  the  egress  of  small  water-animals.  While  such  leaves 
display  a  progressive  metamorphosis,  in  other  instances  the  modihca- 
tions  are  of  the  nature  of  a  reduction.  A  metamor|)hosis  of  the  whole 
leaf  lamina,  or  a  part  of  it,  into  tendrils  (LE.\F-TENl)inLs)  is  a  compara- 
tively frequent  occurrence,  especially  among  the  Pajnlionacenf.  In  thv 
adjoining  figure  of  a  Pea  leaf  (Fig.  3;")),  the  upper  pair  of  leaflets  havt* 
become  transformed  into  delicate  tendrils  which  have  the  power  of 


Fig.  34. — Utriculoria  vuhjo.ris.  A,  Part  of  leaf  with  several  bladders  (  x  2).  JJ,  Single  i>inuule  of  leal 
with  bladder (x  6).  C (after  Goebel),  Longitudinal  section  of  a  bladder  (x  28);  r,  valve;  <>, 
wall  of  bladder  ;  •/,  cavity  of  bladdt^r. 

twining  about  a  sui)port.  In  the  case  of  the  yellow  Vetchling,  Lafhiirus 
Aphaca  (Fig.  36),  the  whole  leaf  is  reduced  to  a  tendril  and  the  function 
of  leaf-blade  is  assumed  by  the  stipules  (/<).  A  comparison  between 
these  two  forms  is  phylogenetically  instructive,  as  it  indicates  the  steps  of 
the  gradually  modifying  processes  which  have  resulted  in  the  complete 
reduction  of  the  leaf  lamina  of  Lafh>/n/s.  But,  for  still  other  reasons, 
the  last  case  deserves  attention,  as  it  shows  clearly  the  morphological 
distinction  between  leaf  and  stem  tendrils,  and  emphasises  the  value  of 
comparative  morphological  investigation. 

In  Lafhiffus  Aphwa  the  stipules  assume  the  function  of  the 
metamorphosed  leaf  lamina? ;  in  other  instances,  as  in  the  case  of  the 
Australian  Acacias  (Fig.  48,  7,  8,  9),  it  is  the  leaf  petioles  which, 
becoming  flattened  and  leaf-like  in  appearance,  supply  the  place  of  the 
undeveloped  leaf-blades.    Such  a  metamorphosed  petiole  is  called  a 
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PHYLLODE,  and,  except  that  it  is  expanded  perpendicularly,  exactly 
resembles  a  cladode.  From  the  latter,  however,  it  is  morphologically 
different,  for  the  one  represents  a  metamorphosed  petiole,  the  other  a 
metamorphosed  shoot.     In  accordance  with  this  distinction  phyllodes 


Fig.  35.— Portion  of  stem  and  lef 
sativum,  s,  Stem  ;  n,  stipules  ; 
leaf;  r,  leaflets  modified  as 
nat.  size.) 


f  of  the  common  Pea,  risum 
b,  leaflets  of  the  compound 
tendrils ;  a,  floral  shoot. 


Fio.  36. — Lathyrus  Aphaca. 
.%  Stem ;  n,  stipules ; 
h,  leaf-tendril.  Q  nat. 
size.) 


do  not,  like  cladodes,  spring  from  the  axils  of  leaves.  Just  as  stems 
become  modified  into  thorns  (Fig.  28),  by  a  similar  metamorphosis 
leaves  may  be  converted  into  leaf  thorns.  Whole  leaves  on  the  main 
axis  of  the  Barberry  (Berberis  vulgaris)  become  thus  transformed  into 
thorns,  usually  three,  but  in  their  character  of 
leaves  still  give  rise  to  axillary  shoots  pro- 
vided with  foliage  leaves.  By  a  similar  meta- 
morphosis, the  two  stipules  of  the  leaves  of 
the  common  Locust  (Eobinia  Pseud  acacia) 
become  modified  into  thorns,  while  the  leaf 
lamina  persists  as  a  foliage  leaf  (Fig.  37).  In 
addition  to  stem  and  leaf  thorns,  many  plants 
are  provided  with  other  outgrowths  of  similar 
appearance,  which  are  often  wrongly  called 
thorns ;  but  as  they  have,  in  reality,  an  alto- 
gether different  morphological  origin,  they 
are  more  correctly  termed  prickles.  The 
prickles  so  characteristic  of  the  Eose  and 
Blackberry  belong  to  the  same  category  as 
hairs,  and  in  no  way  represent  metamorphosed 
segments  of  the  plant  bodv.  Like  hairs, 
they  are  also  superficial  outgrowths  (emer- 
gences). They  have  no  definite  fixed  relation  to  the  external  seg- 
mentation of  a  plant,  but   arise  from   any   part   of  its  surface. 


Fig.  37. — Part  of  stem  and  com- 
pound leaf  of  Rohinia  Fsemia- 
cacia.    n.  Stipules  modified 
into  thorns  ;  g,  leaf-cushion, 
nat.  size.) 
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Prickles  vary  considerably  in  number,  they  are  not  arranged  in  any 
definite  manner,  and  in  some  cases  are  entirely  absent. 

.  Vernation  and  Estivation. — A  section  through  a  winter  bud 
shows  a  wonderful  adaptation  of  the  rudimentary  leaves  to  the  narrow 
space  in  which  they  are  confined  (Fig.  3S).  They  may  be  so  disposed 
that  the  separate  leaves  are  s})read  out  flat,  but  more  frequently 
they  are  folded,  either  cross- wise  or  length -wise  on  the  midril> 
(conduplicate),  or  in  longitudinal  plaits,  like  a  fan  (plaited,  jjlicate)  ; 
or  they  may  be  crumpled  with  no  definite  arrangement  of  the  folds  ; 
or  each  leaf  may  be  rolled,  either  from  the  tip  downwards  (circinate)  or 
longitudinally,  from  one  margin  to  the  other  (convolute),  or  from  l)Oth 
margins  towards  the  midrib,  either  outwards  (revolute)  or  inwards  (in- 
volute. Fig.  38,  /).    The  manner  in  which  each  separate  leaf  is  disposed 


Fio.  38.— Transverse  section  of  a  bud  of  I'opvlns  Fig.  30.— Transverse  section  of  a  Icaf  -lnid 
nigra,    k,  Bud -scales  sho\vin<i  imbricated  of  Tsmjn   caiifi(h-nsi><,  just  below  the 
a?stivation  ;  I,  foliage  leaves  with  involute  apex  of  the  shoot,  showing  a  diver- 
vernation  ;  .s,  each  leaf  has  two  stipules.  gence.    (After  Hofmeister.) 
(X  15.) 


in  the  bud  is  termed  vernation.  On  the  other  hand,  the  arrangement 
of  the  leaves  in  the  bud  with  respect  to  one  another  is  designated 
Estivation.  In  this  respect  the  leaves  are  distinguished  as  free  when 
they  do  not  touch,  or  valvate  when  merely  touching,  or  imbricated, 
in  which  case  some  of  the  leaves  are  overlapped  by  others  (Fig.  38,  /.). 
If,  as  frequently  occurs  in  flower-buds,  the  margins  of  the  floral 
leaves  successively  overlap  each  other  in  one  direction,  obliquel}'  or 
otherwise,  the  aestivation  is  said  to  be  contorted. 

The  Arrangement  of  Leaves. — In  all  erect  elongated  shoots,  and 
still  more  so  in  dwarf  shoots,  it  is  apparent  that  there  is  a  marked 
regularity  in  the  arrangement  of  leaves.  This  regularity  may  be  most 
easily  recognised  in  cross-sections  of  buds  (Fig.  39),  particularly  in 
sections  showing  the  apex  of  the  vegetative  cone  (Fig.  29).  From 
such  an  apical  section  it  is  easily  seen  that  the  regularity  in  the 
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order  of  arrangement  of  the  rudimentary  leaves  is  determined  by  their 
conformity  with  the  position  of  the  older  leaves  on  the  vegetative 
cone,  and  the  consequent  necessity  of  utilising  the  remaining  free 
space.  Thus,  the  position  of  newly  developing  leaves  is  influenced 
by  those  already  existing,  while  their  formation  is  the  result  of  in- 
ternal causes.  After  the  rudiments  of  the  new  leaves  have  become 
protruded  from  the  vegetative  cone,  they  come  in  direct  contact  with 
the  older  leaves,  and  may  then,  as  Schwendener  has  shown,  become  | 
displaced  through  the  consequent  mutual  pressure,  by  which  correspond- 
ing changes  in  their  ultimate  position  may  be  effected.  If  the  axis 
does  not  grow  in  length,  but  onl}'  in  thickness,  as  the  rudimentary 
leaves  increase  in  size,  their  points  of  insertion  will  be  displaced  later- 
ally by  longitudinal  pressure ;  if  the  axis  increases  in  length,  and  not 
in  thickness,  the  insertion  of  the  leaves  will  be  displaced  by  a  trans- 
verse pressure.  The  arrangement  of  the  leaves  would  also  be  aff'ected 
by  any  increase  or  decrease  in  the  size  of  the  vegetative  cone,  un- 
accompanied by  a  corresponding  increase  or  cessation  of  the  growth 
of  the  rudimentary  leaves.  Abrupt  changes  in  the  usual  position 
of  the  leaves  may  also  be  occasioned  by  the  torsion  of  their  parent 
stem.  Thus,  the  leaves  of  Pandanus  first  appear  in  three  straight 
rows  on  the  vegetative  cone,  and  their  subsequent  spiral  arrangement, 
according  to  Schwendener,  results  from  the  torsion  of  the  stem.  An 
irregular  arrangement  of  the  leaves,  such  as  occurs,  for  example,  on 
the  flower-stalk  of  the  Crown  Imperial  (FritiUaria  irnperialis),  may 
result  from  the  unequal  size  of  the  leaves  at  the  time  of  their  in- 
ception on  the  vegetative  cone. 

A  frequent  mode  of  arrangement  of  foliage  leaves  is  the  decussate, 
in  which  two-leaved  whorls  alternate  with  each  other  (Fig.  29).  A 
whorled  arrangement  is  characteristic  of  floral  leaves.     When  the 
number  of  leaves  in  each  whorl  is  the  same  the 
^  whorls  usually  alternate.    On  the  other  hand,  the 

number  of  members  in  the  different  whorls  of 
floral  leaves  will  often  be  found  to  vary  greatly ; 
or  a  whorl,  the  existence  of  which  would  be 
expected  from  the  position  of  other  Avhorls  and 
from  a  comparison  with  allied  plants,  may  be 
altogether  wanting.  In  this  connection  a  com- 
parison of  the  flowers  of  the  LiJiaceae  and  Iridaceae 
Avill  be  instructive.  The  flowers  of  the  Liliaceae 
^'\i^l'^^sl^L%he  (^^g-  composed  of  five  regularly  alter- 

main  axis  is  indicated  uatiug,  threc-lcaved  whorls  or  cvclcs,  viz.  a  calyx 
by  a  black  dot,  oppo-  and  a  corolla  (each  consisting  of  three  leaves,  and 
hlLt   '"'"''^     ^^'^  on  account  of  their  similar  appearance  usually 
referred  to  conjointly  as  the  perianth),  an  outer 
and  an  inner  cycle  of  stamens,  and  finally,  in  the  centre  of  the  flower, 
an  ovary  of  three  carpels.    In  the  flowers  of  the  Iridaceae  (Fig.  41) 
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the  arrangement  is  exactly  similar,  except  that  one  whorl,  that  of 
the  inner  cycle  of  stamens,  is  lacking,  but  the  three  carpels  are 
situated  exactly  as  if  the  missing  cycle  of  stamens 
were  present.    From  this  similarity  of  arrangement,  # 
despite  the  absence  of  the  one  cycle  of  stamens,  the 
conchision  has  been  drawn  that,  at  one  time,  the 
inner  row  of  stamens  was  actually  present,  but  has 
now  disappeared.    In  constructing  a  thkoretical 
DIAGRAM  of  the  Iridareae  the   missing   cycle  of 
stamens  is  indicated  by  some  sjiecial  sign  {hy  crosses 
in  Fig.  -41)  ;  a  diagram  in  which  theoretical  sup- 
positions are  not  taken  into  consideration  is  called 
an  EMPIRICAL  DIAGRAM.     Diagrams  showing  the 
alternate  arrangement  of  leaves,  in  cases  where 
onl}^  a  single  leaf  arises  from   each   node,  may 
be  constructed  by  projecting  the  successive  nodes 
of  a  stem  upon  a  plane  by  means  of  a  series 
of  concentric  circles,  on  which  the  position  of  the  leaves  may  be 
indicated  (Fig.  42).     The  angle  made  b}'  the  intersection  of  the 
median  planes  of  any  two  successive  leaves  is  called  their  divergence. 


Fi<;.  41. —  Theoretical 
■  lia^raiii  of  the  flower 
of  the  Iris.  Die  ab- 
sent cycle  of  stamens 
is  imlicate<I  by 
crosses. 


Fig.  4-2.— Diagram  showiii,;:  |  position  of 
leaves.  Tlie  leaves  numbered  according 
to  their  genetic  seriuence. 


Fit..  43.— The  =  ixisiti'Hi  on  tlie  out>i)read 
surface  of  the  axis.  o.  Orthosticliies  ;  y., 
parastichies.  The  leaves  are  numbered 
acconling  to  their  genetic  sequence. 


and  is  expressed  in  fractions  of  the  circumference ;  for  example,  in 
case  the  angular  divergence  between  two  successive  leaves  is  120  , 
their  divergence  is  expressed  by  the  fraction  J.  In  the  adjoining 
diagram  (Fig.  42)  a  ^  divergence  is  indicated.  Where  the  lateral 
distance  between  two  successive  leaves  is  r  of  the  circumference  of  the 
stem,  the  sixth  leaf  is  above  the  first,  the  seventh  above  tlie  second, 
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and  so  on.  The  leaves  form  on  the  axis  five  vertical  rows,  which 
are  spoken  of  as  ORTHOSTICHIES.  Where  the  leaves  are  very  much 
crowded,  as  in  dwarf-shoots,  a  set  of  spiral  rows  called  parastichies, 
due  to  the  contact  of  the  nearest  laterally  adjacent  members,  becomes 
much  more  noticeable  than  the  orthostichies.  If  the  surface  of 
such  an  axis  be  regarded  as  spread  out  horizontally,  the  parastichies 
become  at  once  distinguishable  (Fig.  43),  and  it  will  be  evident  that  the 
sum  of  the  parastichies  cut  by  every  cross-section  through  such  an 
axis  must  equal  the  number  of  the  orthostichies.  On  objects  like 
pine  cones,  in  which  the  parastichies  are  easily  recognised,  they  may 
be  used  to  determine  the  leaf  arrangement.  The  most  common 
divergences  are  the  following,  i,  f,  |,  -f^,  -if,  etc.  In  this 
series  it  will  be  observed  that  in  each  fraction  the  numerator  and 
denominator  are  the  sum  of  those  of  the  two  preceding  fractions.  The 
value  of  the  dift'erent  fractions  varies,  accordingly,  between  ^  and 
while  always  approaching  a  divergence  angle  of  137°  30'  28".  The 
frequent  recurrence  of  the  divergence  angles,  expressed  by  the 
fractions  of  this  series,  is,  no  doubt,  due  to  the  fact  that  by  such 
arrangements  of  the  leaves,  the  space  available  is  utilised  to  the  best 
advantage,  and  with  the  least  possibility  of  mutual  hindrance  in  the 
performance  of  the  assimilatory  functions.  If  a  line  be  drawn  on 
the  surface  of  a  stem,  so  as  to  pass  in  the  shortest  way  successively 
through  the  points  of  insertion  of  every  leaf,  a  spiral  called  the 
GENETIC  SPIRAL  will  be  constructed.  That  portion  of  the  genetic 
spiral  between  any  two  leaves  directly  over  each  other  on  the  same 
orthostichy  is  termed  a  cycle.  Where  the  divergence  is  f,  a  cycle 
will  accordingly  include  five  leaves,  and  will  in  such  a  case 
have  made  two  turns  about  the  stem.  An  attempt  has  been  made  to 
trace  spirals  even  where  the  leaves  are  arranged  in  whorls,  but 
now  that  the  genetic  causes  controlling  such  leaf  arrangements  are 
understood,  such  a  procedure  seems  rather  superfluous.  It  is,  moreover, 
no  longer  attempted  to  extend  the  spiral  theory  to  dorsiventral  shoots  ; 
since  it  is  now  known  that  this  arrangement  of  the  leaves  is  due,  not 
to  an  ideal  spiral  law,  but  to  mechanical  causes  regulating  their 
development.  The  tips  of  dorsiventral  shoots  are  frequently  coiled 
ventrally  inwards,  bearing  their  leaves  either  dorsally  or  on  the  sides, 
but,  in  the  latter  case,  more  on  the  dorsal  than  ventral  surface.  The 
creeping  stems  of  many  Ferns  or  the  flower -bearing  shoots  of 
Forget-me-not  (Myosotis)  are  good  examples  of  such  dorsiventral 
shoots.  The  line  joining  successive  leaves  in  such  cases  is,  at  the 
best,  but  a  zigzag. 


The  Root 


The  third  member  of  the  plant  body  of  Cormophytes,  in  its 
typical  development  as  an  undergroltnd  root,  shows  but  little  varia- 
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tion.  This  regularity  of  form  is  due  to  tlie  uniformity  of  the  conditions 
to  which  roots  are  exposed  in  tlio  ground,  for  aerial  routs,  which  are 
for  the  most  part  restricted  to  the  moist  climate  of  the  tropics,  exhibit 
a  much  greater  tendency  to  modification.  The  covered  vegetative  cone 
and  the  inability  to  develop  leaves  are  characteristic  of  roots,  and 
furnish  an  easy  means  of  distinguishing  them  from  underground  shoots. 
A  ROOT-CAP  or  CALYPTRA  aft'ords  the  vegetative  cone  of  a  root  the 
protection  that  is  provided  to  the  apex  of  a  stem  by  the  rudimentary 
leaves.  Although,  generally,  the  existence  of  a  root-cap  is  only  dis- 
closed by  a  median,  longitudinal  section  through  the  root-tip,  in  some 
roots  it  is  plainly  distinguishable  as  a  cap-like  covering.  The  very 
noticeable  caps  on  the  water  roots  of  Duckweed  {Leiiiiut)  are  not,  in 
reality,  root-caps,  as  they  are  not  derived  from  the  root,  but  from  a 
sheath  which  envelops  the  rudimentary  root  at  the  time  of  its  origin. 
They  are  accordingly  termed  root-poC'KETS  (Fig.  1:15,  ui).  As  a 
general  rule,  however,  roots  without  root-cai)s  are  of  rare  occurrence, 
and  in  the  case  of  the  Duckweed  the  root-pockets  perform  all  the 
functions  of  a  root-cap.  The  short-lived  roots  of  the  Dodder  (p.  2.1) 
afford  another  example  of  roots  devoid  of  root-caps.  Characteristic  of 
roots  are  also  the  root-hairs  (Fig.  47,  ?),  which  are  found  at  a  short 
distance  from  their  apices.  As  the  older  root-hairs  die  at  the  same 
rate  that  the  new  ones  are  developed,  only  a  small  i)ortion  of  a  root  is 
provided  with  root-hairs  at  the  same  time.  In  other  respects,  root- 
hairs,  like  prickles,  show  no  regularity  in  their  individual  position  or 
number.  In  some  few  instances  roots  develop  no  root-hairs  ;  this  is 
true  of  the  roots  of  many  Conifers,  and  of  most  aerial  roots. 

Branching"  of  the  Root. — Just  as  a  shoot  may  become  bifurcated 
by  the  division  of  its  growing  point  (Fig.  18),  so  a  root  may  become 
similarly  branched.  For  the  most  part,  this  mode  of  branching  takes 
place  only  in  the  roots  of  Lycopoi/iaceae,  the  shoots  of  which  are  also 
dichotomously  branched  (p.  19).  The  branching  of  roots  usually 
occurs  in  acropetal  succession,  but  the  lateral  roots  (Fig.  47,  sic)  make 
their  appearance  at  a  much  greater  distance  from  the  growing  point 
of  the  main  root,  than  lateral  shoots  from  the  apex  of  their  parent 
stem.  By  reason  of  the  internal  structure  of  their  parent  root,  lateral 
roots  always  develop  in  longitudinal  rows  (Fig.  47).  They  are  of 
endogenous  origin,  and  before  reaching  the  surface  must  break  through 
the  surrounding  and  overlying  tissue  of  the  parent  root,  by  the 
ruptured  portions  of  which  they  are  often  invested,  as  with  a  colhir. 

Adventitious  roots,  just  as  adventitious  shoots,  may  arise  from 
any  part  of  a  plant.  They  are  especially  numerous  on  the  underside 
of  rhizomes  (Fig.  21,  u'),  and  also,  when  the  external  conditions  are  at 
all  favourable,  they  seem  to  develop  very  readily  from  the  stem  nodes. 
A  young  shoot,  or  a  cutting  planted  in  moist  soil,  quickly  forms 
adventitious  roots,  and  roots  may  also  arise  in  a  similar  manner  from 
leaves,  especially  from  Begonia  leaves.  The  origin  of  adventitious  roots. 
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as  of  all  roots,  is  endogenous.  Dormant  root  rudiments  occur  in  the 
same  manner  as  dormant  buds  of  shoots.  The  ease  with  which  Avillows 
are  propagated  from  shoots  is  well  known,  and  is  due  to  the  prompt- 
ness with  which  they  develop  adventitious  roots  from  apparently 

latent  embryonic  tissue,  when 
the  requisite  conditions  of 
moisture  and  darkness  are  ful- 
filled. 

The  Metamorphosis  of  the 
Root. — The  customary  nomen- 
clature for  the  various  root 
forms  is  based  on  their  shape, 
size,  and  mode  of  branching. 
A  root  which  is  a  prolongation 
downwards  of  the  main  stem 
is  called  the  main  root  or  TAP- 
ROOT ;  the  other  roots  are 
termed,  with  reference  to  the 

tap-root,    LATERAL    ROOTS  of 

different  orders,  according  to 
the  order  of  their  develop- 
ment. The  roots  may  enlarge 
and  become  turnip -shaped  or 
tuberous  (Fig.  44).  Such 
tuberous  growths  often  greatly  resemble  stem  tubers,  but  may  be  dis- 
tinguished from  them  by  their  root-caps,  by  the  absence  of  any  indica- 
tions of  leaf  development,  and  by  their  internal  structure. 


Fig 


44. — Root-tubers  of  Dahlia  rariaMlis. 
lower  portions  of  cut  stems.    (1  nat.  size.) 


The 


The  tubers  of  the  OrcJiidaccae  exhibit,  morphologically,  a  peculiar  mode  of  for- 
mation. Tliey  are,  to  a  great  extent,  made  up  of  flesh}'-,  swollen  roots,  fused  to- 
gether and  terminating  above  in  a  shoot- bud.  At  their  lower  extremity  the 
tubers  are  either  simple  or  jmlmately  segmented.  In  the  adjoining  figure  (Fig. 
45)  both  an  old  {(')  and  a  young  tuber  {t")  are  represented  still  united  together. 
The  older  tuber  has  produced  its  flowering  shoot  (b),  and  has  begun  to  shrivel  and 
dry  up  ;  a  bud,  formed  at  the  base  of  the  shoot,  in  the  axil  of  a  scale  leaf  (s),  has 
already  developed  the  adventitious  roots,  which,  swollen  and  fused  together,  have 
given  rise  to  the  younger  tuber. 


The  aerial  roots  of  tropical  Epiphytes  diff'er  considerably  in  their 
structure  from  underground  roots.  The  aerial  roots  of  the  Orchidaceae 
and  of  many  Aroideae  are  provided  with  a  spongy  sheath,  the  velamen, 
by  means  of  which  they  are  enabled  to  absorb  moisture  from  the 
atmosphere.  Aerial  roots,  in  some  cases,  grow  straight  downwards,  and 
upon  reaching  the  ground,  branch  and  function  as  nutritive  roots  for 
the  absorption  of  nourishment ;  in  other  instances,  they  turn  from  the 
light,  and,  remaining  comparatively  short  and  unbranched,  fasten  them- 
selves as  CLBIBING  ROOTS  to  any  support  with  which  they  come  in 
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contact.  The  climbing  roots  of  many  Orchids,  Aroids,  and  Ferns  brancli 
and  form  lodgment  places  for  humus  ;  and  into  this  the  nutritive  root 
branches  penetrate  as  special  outgrowths  of  the  climbing  roots.  Pendent 
aerial  roots  generally  contain  chlorophyll.  In  the  Orchid  Juffmecum 
fllohulosum  the  task  of  nourishing  the  plant  is 
left  entirely  to  the  aerial  roots,  which  are 
then  devoid  of  a  velamen,  and  very  much 
flattened.  They  are  distinctly  green-coloured, 
and  supply  the  place  of  the  leaves  which  lose 
their  green  colour  and  are  reduced  to  scales. 

The  aerial  roots  of  the  epiphytic  Bwmeli- 
aceae  are  developed  exclusively  as  climbing 
roots,  while  the  leaves  function  not  only  as 
assimilating  organs,  but  also  assume  the 
whole  task  of  water -absorption.  All  the 
aerial  roots  of  Epiphytes  are,  so  far  as  their 
origin  is  concerned,  adventitious. 

The  numerous  adventitious  roots  which  form 
a  thickly -matted  covering  on  the  trunks  of  Tree- 
ferns  become  Lard  after  death,  and  serve  as  organs  of  protection.  In  some 
Palms  {Acanthorrhiza,  Iriartca)  the  adventitious  roots  on  the  lower  i>art  of  the 
stem  become  modified  into  thorns,  root-thokns.  The  roots  of  certain  tropical 
plants,  such  as  Pandanus  and  tlie  swamp-inliabiting  ^langrove  trees,  are  specially 
modified.  These  plants  develop  on  their  stems  adventitious  roots,  which 
grow  obliquely  downwards  into  the  ground,  so  that  the  stems  finally  a^qjear 
as  if  growing  on  stilts.  The  Banyan  trees  of  India  {Ficus  Indica)  produce  wonder- 
ful root-supi)orts  from  the  under  side  of  their  branches,  upon  which  they  rest 
as  uix)n  columns.  The  lateral  roots  of  certain  Mangrove  trees  become  modified  as 
peculiar  breathing  organs,  and  for  this  purpose  grow  upwards  into  the  air  out  of 
the  swampy  soil  or  water  in  which  the  trees  grow  ;  they  then  become  greatly 
swollen  or  flattened,  and  provided  with  special  aerating  passages.  Such  kesi'Iua- 
TOKY  or  AERATING  ROOTS  surrouud  the  Mangrove  trees  like  vigorous  Asparagus 
stalks,  and  enable  the  roots  growing  below  in  the  mud  to  carry  on  tlu'  necessary 
exchange  of  gases  with  the  atmosphere. 

The  roots  of  parasites  usually  undergo  a  far-reaching  reduction. 
The  roots  of  the  Dodder  (CiLSCuta)  form  wart-like  excrescences  (Fig. 
185,  H)  at  the  point  of  contact  with  their  nourishing  host,  which 
they  finally  penetrate.  They  draw  nourishment  from  the  host  plant, 
and  are  consequently  termed  suction  roots  or  haustoria  :  such 
haustoria  divide  within  their  host  into  single  threads,  and  from  each 
thread  a  new  parasitic  plant  may  be  formed.  The  immense  flowers  of 
JRafflesia  A  mold  i,  which  spring  directly  from  the  roots  of  Ci^sus,  owe 
their  origin  to  similar  haustoria.  The  reduction  of  the  roots  may 
extend  to  such  a  degree  that,  in  many  plants,  no  roots  are  formed. 
It  has  been  already  mentioned  (p.  23)  that  in  the  case  of  Cornllwr- 
rhiza  innata  (Fig.  22)  the  rhizome  assumes  all  the  functions  of  the 


Fig.  Ab.—Or<'hU  lati/»lin.  t'.  The 
old  root-tuber ;  t'\  the  young 
root -tuber :  h,  floral  shoot ; 
scale  leaf  with  axillary  bud, 
k,  from  which  the  new  tuber 
has  arisen  ;  r,  ordinarj-  adven- 
titious rotits.    (k  nat.  size.) 
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roots,  which  are  entirely  absent.  Also  in  many  aquatics,  Sahinia. 
TFolffia  arrhiza,  Utriculwia^  CeratophyUum.  roots  are  altogether  absent. 

The  Ontogeny  of  Plants 

Just  as  in  the  phylogenetic  development  of  the  vegetable  kingdom 
there  is  an  evolution  from  simpler  to  more  complex  forms,  so  each  plant 
in  its  ontogeny  passes  through  a  similar  process  of  evolution.  The 
study  of  the  ontogenetic  development  of  a  plant  is  termed  EMBRYOLCtGT. 
A  young  plant,  in  its  rudimentary,  still  unformed  condition,  is  called  an 
EMBRYO  or  GERM  :  and  the  early  stages  of  its  development  are  spoken  of 
as  GERMINATION.  As  a  rule,  the  embryo,  in  the  beginning  of  its  de- 
velopment, is  microscopic  and  of  a  spherical  form.  In  a  lower  organism 
this  condition  may  continue  from  the  beginning  to  the  end  of  its 
development,  as  is  the  case  in  Gloeimpm  jxflydenmtioi  (Fig.  1,  p.  11): 
or  the  development  maj'  proceed  further  to  the  formation  of  filament- 
ous, ribbon-like  or  cylindrical  bodies.  If  the  future  plant  is  to  have 
a  growing  point,  a  part  of  the  germ  substance  is  retained  in  its 
embryonic  condition,  and  further  development  proceeds  from  this 
embr^'onic  substance.  In  the  more  highly-organised  plants  the  different 
members  arising  from  the  growing  point  only  gradually  attain  that 
degree  of  development  characteristic  of  the  particular  plant.  The 
plant  must  develop  and  attain  matimty,  and  it  is  not  until  it  has 
accomplished  this  that  certain  portions  of  the  embryonic  substance  of 
the  growing  point  are  appropriated  to  the  production  of  new  embryos. 

The  difterent  generations  arising  from  an  embryo  of  a  plant  may 
exactly  resemble  each  other,  or  an  ALTERNATION  OF  GENERATIONS  may 
occur,  m  which  case  each  succeeding  generation  is  imlike  its  immediate 
predecessor.  As  a  general  rule,  the  alternate  generations  are  equiva- 
lent, although  this  is  not  necessarily  the  case.  One  of  the  alternating 
generations  is  usually  sexually  differentiated,  that  is,  its  reproductive 
cells  are  only  capable  of  develojimeut  after  a  fusion  with  other  repro- 
ductive cells.  This  process  of  the  fusion  of  two  sexually*  differentiated 
cells  is  called  fertilisation,  and  its  product  a  fertilised  egg.  The 
asexual  generation,  on  the  contrary,  produces  reproductive  cells, 
termed  SPORES,  which  require  no  fertilisation  before  germinating.  In 
the  case  of  the  Thallophytes,  the  alternation  of  generations  is  often 
extremely  complicated  by  the  irregularity  of  the  recurrence  of  the 
different  generations,  and  by  the  interposition  of  other  modes  of 
reproduction,  not  in  line  with  the  regular  succession  of  generations. 
In  the  Cormophytes.  however,  asexual  and  sexual  generations  regularly 
alternate,  and  consequently,  whenever  an  alternation  of  generation 
occurs,  more  than  one  generation  is  requisite  to  complete  a  cycle  in 
the  development  of  a  species.  Accordingly,  in  the  conception  of  a 
species,  two  or  more  individuals  are  included.  These  individuals 
may  exist  separately  and  distinct  from  each  other,  or  they  may  l^e  so 
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united  as  to  appear  but  a  single  organism ;  as,  for  example,  in  the 
Mosses,  where  the  spore-producing  generation  lives  upon  the  sexual 
plant,  or  as  in  Phanerogams,  where,  conversely,  the  sexual  generation 
completes  its  development  within  the  asexual  plant. 

In  Phanerogams,  owing  to  the  formation  of  the  embryo  within 
seeds,  that  stage  of  the  development  of  a  plant  which  is  termed 
germination  is  clearly  defined  ;  for  not  until  the  seed  is  completely 


Fk;.  47. — Seedling  of  CajyiiiM*  BetuJiis.  h, 
Hypocotyl  ;  c,  cotyledons  ;  hw,  main 
root ;  *•(/',  lateral  roots  ;  r,  root-hairs  ;  e, 
epicotyl ;    I',  folia^'e  k-aves.  (Nat.  size.) 


formed  does  the  newly-formed  plantlet  begin  its  independent  exist- 
ence. Tlie  embryo,  while  still  enclosed  within  the  seed,  generally 
exhibits  the  segmentations  characteristic  of  Cormophytes.  Protected 
by  the  hard  seed-coats,  it  is  enabled  to  sustain  a  long  period  of  rest. 
Abundant  deposits  of  nutritive  material  in  the  embryo  itself,  or 
surrounding  it,  are  provided  for  its  nourishment  during  germination. 
The  different  segments  of  a  phanerogamic  embryo  have  received 
distinctive  names  ;  thus,  as  in  the  embryo  of  the  American  Arbor  Vitae 
(Thuja  occidental  is,  Fig.  46),  the  stem  portion  (It)  is  termed  the  hypo- 
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COTYL,  the  first  leaves  (c)  are  the  SEED  leayes  or  cotyledons,  while 
the  root  (r)  is  distinguished  as  the  radicle.  The  tap-root  of  the  fully- 
developed  plant  is  formed  by  the  prolongation  of  the  radicle.  In 
Fig.  47  a  germinating  plantlet  of  the  Hornbeam  {Curjnniis  Betulus)  is 
shown  with  its  hypocotyl  Qi)  and  both  cotyledons  {c) ;  but  its  radicle 
has  already  developed  into  a  tap-root  (Jiw)  with  a  number  of  lateral 
roots  (sw).  An  internode  and  foliage  leaf  (/)  have  been  produced 
from  the  vegetative  cone  of  the  stem;  while  the  next  higher  internode 
is  also  distinguishable,  but  has  not  yet  elongated,  and  a  second  foliage 
leaf  (/')  is  unfolding. 

A  highly  organised  plant,  which  begins  its  development  with 
the  simplest  stages  and  gradually  advances  to  a  higher  state  of 
differentiation,  repeats  in  its  ontogeny  its  phylogenetic  develop- 
ment. In  the  process  of  its  ontogenetic  development  much  has 
been  altered,  and  much  omitted,  so  that  it  presents  but  an  imperfect 
picture  of  its  past  history ;  nevertheless,  this  representation  is  valuable, 
and,  next  to  comparative  methods,  furnishes  the  most  important  source 
of  morphological  knowledge.    Whatever  is  true  of  the  development  of 

a  plant  from  the  embryo 
is  also,  as  a  rule,  applicable 
to  its  further  growth  from 
the  growing  point,  and,  con- 
sequently, a  knowledge  of 
the  mode  of  development 
at  the  growing  point  is 
of  great  importance  in 
detecting  homologies.  The 
earlier  a  characteristic 
makes  itself  apparent  in 
the  embryo,  or  the  nearer 
it  is  to  the  growing  point 
of  the  old  plant,  so  much 
the  greater  is  its  value  in 
determining  the  general 
relationships  existing  be- 
tween the  different  plants  : 
the  later  it  is  exhibited  in 
the  embryo,  or  the  farther 
removed   it  is    from  the 

Fig.  48.— Seedling  of  Acacia  pycnuntha.    The  cotyledons   growing  point  of  the  plant, 


the  less  its  ijeneral  value. 


have  been  thrown  otf.     The  foliage  leaves  1-4  are 
pinnate,  the  following  leaves  bipinnate.    The  petioles 
of  leaves  5  and  6  are  vertically  expanded  ;  and  in  the   but  the  greater,  in  propor- 
following  leaves,  7,  8,  9,  modified  as  phyllodia,  with   fcion,  its  importance   in  de- 


nectaries,  n.   (x  circa  i.) 


fining  the  character  of  a 


genus  or  species.  From  the  fossil  remains  of  former  geological  periods, 
it  is  safe  to  conclude  that  such  Conifers  as  Thuja,  Biota,  and  the  various 
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Junipers,  that  now  have  scale-like  compressed  leaves,  have  been  derived 
from  Conifers  with  needle-shaped  leaves.  This  conclusion  is  further 
confirmed  by  the  fact,  that  on  the  young  plants  of  the  scaly-leaved 
Conifers  typical  needle-shaped  leaves  are  at  first  developed.  The 
modified  leaf  forms  do  not  make  their  appearance  until  the  young 
plant  has  attained  a  certain  age,  while  in  some  Junipers  needle-shaped 
leaves  are  retained  throughout  their  whole  existence.  Even  still  more 
instructive  are  the  Australian  Acacias,  whose  leaf  -  stalks  become 
modified,  as  phyllodia  (p.  3o),  to  perform  the  functions  of  the  reduced 
leaf- blades.  The  proof  for  such  an  assertion  is  furnished  by  a 
germinating  plantlet  of  Acacia  pycnaiitha  (t'ig.  48),  in  which  the  first 
leaves  are  sim})ly  pinnate,  and  the  succeeding  leaves  V>ipinnate.  In  the 
next  leaves,  although  still  compound,  the  leaf-blades  are  noticeably 
reduced,  while  the  leaf-stalks  have  become  somewhat  expanded  in  a 
perpendicular  direction.  At  length,  leaves  are  produced  which 
possess  onlv  broad,  flattened  leaf-stalks.  As  many  other  si)ecies  of 
this  genus  are  provided  onl}'  with  bipinnate  leaves,  it  is  permissible 
on  such  phylogenetic  grounds  to  conclude  that  the  Australian 
Acacias  have  lost  their  leaf-blades  in  comparatively  recent  times,  and 
have,  in  their  stead,  developed  the  much  more  resistant  })hyllodes 
as  being  better  ada})ted  to  withstand  the  Australian  climate.  The 
appearance,  accordingly,  of  the  phyllodes  at  so  late  a  stage  in  the 
ontogenetic  development  of  these  Acacias  is  in  conformity  with  their 
recent  origin.  It  may,  in  like  manner,  be  shown  that  in  the  case  of 
plants  with  similarly  modified  leaf  forms,  the  metamorphosis  of  the 
leaves  does  not  take  place  until  after  the  cotyledons  and  the  first 
foliage  leaves  have  been  developed,  and  it  is  then  usually  effected 
by  degrees. 


II.  INTERNAL  MORPHOLOGY 

(^Histolotiy  and  Anatoiuy; 

The  Cell 

All  plants,  as  all  animals,  are  composed  of  elementary  organs 
called  cells.  In  contrast  to  animal  cells,  typical  vegetable  cells  are 
surrounded  by  firm  walls,  and  are  thus  shari)ly  marked  otl"  from 
one  another.  In  fact,  it  was  due  to  the  investigation  of  the  cell  walls 
that  the  cell  was  first  recognised  in  plants.  An  English  micrograi)her, 
Robert  Hooke,  was  the  first  to  notice  vegetable  cells.  He  gave  them 
this  name  in  his  Mlcrographia  in  the  year  1GG7,  because  of  their 
resemblance  to  the  cells  of  a  hone3-comb,  and  pul)lished  an  illustration 
of  a  piece  of  bottle-cork  having  the  appearance  shown  in  the  adjoining 
figure  (Fig.  -to).    Kobert  Hooke,  however,  was  only  desirous  of  ex- 
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Fig.  49. — Copy  of  a  part  of 
Hooke's  illustration  of 
bottle-cork,  which  he  en- 
titled Scheinatisiii  or  tex- 
ture of  cork. 


hibiting  by  means  of  different  objects  the  capabilities  of  his  microscope  ; 
consequently,  the  Italian,  Marcello  Malpighi,  and  the  Englishman, 
Nehemiah  Grew,  whose  works  appeared  almost 
simultaneously  a  few  years  after  Hooke's  Micro- 
(jraphia,  have  been  regarded  as  the  founders  of 
A^egetable  Histology.  The  living  contents  of  the 
cell,  the  real  body  or  substance,  was  not  re- 
cognised in  its  full  significance  until  the  middle 
of  the  present  century.  Only  then  was  attention 
turned  more  earnestly  to  this  study,  Avhich  has 
since  been  so  especially  advanced  by  Meyen, 
ScHLEroEN,  Hugo  y.  Mohl,  Nageli,  Ferdi- 
nand CoHN,  Pringsheim,  and  Max  Schultze. 

If  an  examination  be  made  of  a  thin  longi- 
tudinal section  of  the  apex  of  a  stem  of  a  phanero- 
gamic plant,  with  a  higher  magnifying  power 
than  that  used  in  the  previous  investigation  (Fig.  17)  of  the  vegetative 
cone,  it  will  be  seen  that  it  consists  of  nearly  rectangular  cells  (Fig.  50), 
which  are  full  of  protoplasm  and  separated 
from  one  another  by  delicate  Avails.  In 
each  of  the  cells  there  will  be  clearly  dis- 
tinguishable a  round  body  (k),  which  fills 
up  the  greater  part  of  the  cell  cavity. 
This  body  is  the  cell  nucleus.  If  sections, 
made  in  different  directions  through  the 
vegetative  cone,  be  compared  with  one 
another,  it  will  be  seen  that  its  component 
cells  are  nearly  cubical  or  tabular,  while 
the  nuclei  are  more  or  less  spherical  or 
disc-shaped.  The  finely  granular  substance 
{cy)  filling  in  the  space  between  the  nucleus 
{k)  and  the  cell  wall  {ni)  is  the  cell  plasm 
or  cytoplasm.  Recent  investigations  have 
shown  that  two  extremely  small,  colourless 
bodies  lie  in  the  cytoplasm,  near  the  nucleus.  These  are  the 
CENTROSPHERES  or  attraction  spheres  (c.s).  In  addition  to  these 
there  are  to  be  found,  about  the  nucleus,  an  indefinite  number  of 
somewhat  larger  bodies,  which  are  also  colourless  and  highly  refrac- 
tive ;  these  are  the  pigment  -  bearers  or  CHROMATOPHORES  {cli). 
Nucleus,  centrospheres,  cytoplasm,  and  chromatophores,  con- 
stitute THE  ELEMENTS  OF  THE  LIYING  BODY  OF  A  TYPICAL  YEGETABLE 
CELL.  To  designate  all  these  collectively,  it  is  customary  to  use  the 
term  Protoplasm,  which  is  then  to  be  understood  as  including  all 
the  living  constituents  of  a  cell. 

Protoplasm  does  not  show  the  same  degree  of  internal  differentia- 
tion in  all  vegetable  organisms.    The  protoplasm  of  the  Fungi  has  no 


ch  Ti 


Fig 


0.— Embryonic  cell  from  the 
vegetative  cone  of  a  phanerogamic 
plant,  /l-,  Nucleus  ;  /jw,  nuclear 
membrane  ;  nucleolus;  c,  cen- 
trospheres ;  ci/,  cytoplasm ;  ch, 
chromatophores  ;  -h!.,  cell  wall. 
(Somewhat  diagrammatic,  x  circa 
1000.) 
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chromato2)hores.  In  the  protoplasm  of  the  lowest  plants,  the  Fission 
plants  or  the  Schizophytes,  the  internal  ditterentiution  does  not  seem 
to  have  progressed  to  the  same  extent  as  in 
the  more  highly  organised  plants. 

The  })rotoplasm  of  animal  cells,  on  the 
other  hand,  is  devoid  of  chromatophores. 
While  animal  cells  usually  remain  continuously 
filled  with  protoplasm,  vegetal)le  cells  soon 
form  large  sap  cavities.  It  is  only  the 
embryonic  cells  of  plants  that  are  entirely 
filled  with  protoi)lasm,  as  the  cells,  for  ex- 
ample, of  an  ovule  or  of  a  growing  point ; 
they  afterwards  become  larger  and  contain 
proportionally  less  protoplasm.  This  can  Ije 
seen  in  any  longitudinal  section  through  a 
stem  apex.  At  a  short  distance  from  the 
growing  point  the  enlarged  cells  have  already 
begun  to  show  cavities  or  vacuoles  {v  in 
Fig.  51)  in  their  cytoplasm.  These  are  filled 
with  a  watery  fluid,  the  CELL  SAP.  The  cells 
continue  to  increase  in  size,  and  usually  soon 
reach  a  condition  in  which  their  whole  central 
portion  is  filled  by  a  single,  large  sap  cavity 
(v  in  B,  Fig.  51).  This  is  almost  always  the 
case  when  the  increase  in  the  size  of  the  cell 
is  considerable.  The  cytoplasm  then  forms 
only  a  tliin  layer  lining  the  cell  wall,  while 
the  nucleus  takes  a  parietal  })osition  in  the 
perijiheral  cytoplasmic  layer.  At  other  times, 
however,  the  sap  cavity  of  a  fully-developed 
cell  may  be  traversed  by  bands  and  threads 
of  cytoplasm  ;  and  in  that  case  the  nucleus 
is  suspended  in  the  centre  of  the  cell.  But 
whatever  position  the  nucleus  may  occupy,  it 
is  always  embedded  in  cytoplasm  ;  and  there 
is  always  an  unbroken  peripheral  layer  of 
cytoplasm  lining  the  cell  wall. 

This  cytoplasmic  peripheral  layer  is  in  con- 
tact with  the  cell  wall  at  all  points,  and,  so  long 
as  the  cell  remains  living,  it  continues  in  that 
condition.  In  old  cells,  however,  this  cyto- 
plasmic layer  frequently  becomes  so  thin  as  to 
escape  direct  observation,  and  is  not  perceptible 
until  some  dehydrating  reagent,  which  causes  it  to  recede  from  the  wall 
has  been  employed.  Such  a  thin  cytoplasmic  peripheral  layer  has  been 
described  by  Hugo  v.  Mohl  under  the  name  of  primordial  utricle. 

E 


Fig.  51 


Two  cells  taken  at 
different  distances  from  the 
growing  point  of  a  phanero- 
gamic shoot,  k.  Nucleus ; 
cv,  cytoplasm ;  v,  vacuoles, 
represented  in  B  by  the  sai> 
cavity.  (Somewhat  diagra'.ii- 
matic,  X  circa  oOO.) 
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As  a  rule,  every  living  vegetable  cell  has  a  nucleus. 

Dead  cells  lose  their  living  protoplasmic  contents,  and,  strictly 
speaking,  should  no  longer  be  termed  cells,  although  the  name  was  first 
applied  to  them  when  in  that  condition.  In  reality  they  represent 
otily  cell  cavities.  With  their  death,  however,  cells  do  not  lose  their 
importance  to  a  plant.  Without  such  cell  cavities  a  plant  could  not 
exist,  as  they  perform  for  it  the  office  of  water-carriers,  while  at  the 
same  time  exercising  other  functions.  The  necessary  rigidity  of  a 
plant  is  also  dependent,  to  a  great  extent,  on  the  mechanical  support 
afforded  by  a  framework  composed  of  dead  cells.  Thus  the  heart  of 
a  tree  consists  exclusively  of  the  walls  of  dead  cells. 

The  Protoplasm. — We  naturally  begin  with  that  substance  Avhich 
constitutes  the  living  plant  body,  the  Protoplasm,  also  more  shortly 
designated  the  Plasma.  In  order  to  facilitate  an  insight  into  the 
real  character  of  protoplasm,  attention  Avill  first  be  directed  to  the 
Slime  Fungi  or  fungus  animals  {Myxoimjcctes),  a  group  of  organisms 
which  stand  on  the  border  between  the  animal  and  vegetable  king- 
doms. These  Myxomycetes  are  characterised  at  one  stage  of  their 
development  by  the  formation  of  a  Plasmodium,  a  large  naked  mass 
of  protoplasm. 

The  Plasmodium  is  formed  from  the  protoplasm  of  the  spores. 
These  spores  are  unicellular  bodies  (Fig.  52,  a,  h),  filled  with  cytoplasm, 
in  which  lies  a  central  nucleus,  and  are  surrounded  by  tenacious  cell 
walls.  The  spores  germinate  in  water,  their  contents,  breaking  through 
the  spore  walls,  come  out  (c,  d)  and  round  themselves  off.  A  change 
of  form  soon  takes  place  ;  the  protoplasmic  mass  elongates  and  assumes 
somewhat  the  shape  of  a  pear,  with  the  forward  end  prolonged  into  a 
fine  whipdike  process  or  fiagellum  {e,  /,  g).  Thus  the  contents  of  the 
spore  have  become  transformed  into  a  swarm-spore,  which  now  swims 
away  by  means  of  whip-like  movements  of  its  fiagellum. 

In  addition  to  the  nucleus,  which  is  visible  in  the  front  end  of 
every  swarm-spore,  a  vesicle  may  be  seen  at  the  other  end,  which,  after 
gradually  increasing  in  size,  suddenly  vanishes,  only  to  swell  again 
into  view.  This  vesicle  is  a  contractile  vacuole.  The  presence 
of  such  a  contractile  vacuole  in  an  organism  was  formerly  considered 
a  certain  indication  of  its  animal  nature.  Now,  however,  contractile 
vacuoles  have  been  observed  in  the  swarm-spores  of  many  green  Algae, 
of  whose  vegetable  nature  there  can  be  no  doubt. 

The  swarm-spores  of  the  Myxomycetes  soon  lose  this  characteristic 
swarm -movement,  draw  in  their  flagella,  and  pass  into  the  amoeba 
stage  of  their  development,  in  which,  like  animal  amoebae,  they  assume 
irregular,  constantly  changing  shapes,  and  are  capable  of  performing 
only  amoeboid  creeping  movements.  In  the  case  of  Chondrioderma 
difforme,  a  Myxomycete  of  frequent  occurrence  in  rotting  parts 
of  plants  (Fig.  52),  a  number  of  the  amoebae  eventually  collect 
together  (/)  and  coalesce.     In  this  way,  as  is  also  the  case  with 
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most  other  Myxomycetes,  the  amcvbas  ultimately  give  rise  to  a  Plas- 
modium (n). 

Although  each  one  of  the  amcebiv  is  so  small  that  it  can  only  l)e  seen 
with  the  aid  of  a  microscope,  the  phismodium  into  whicli  they  become 
united  may  attain  a  size  large  enough  to  be  measured  in  (-entinietres. 


Fig.  b-l.—ChoHdriodcrvm  difforme.  a,  Dry,  shrivelled  spore  ;  b,  swollen  spore  ;  <■  and  d,  spores 
showing  escaping  contents  ;  c,f,  g,  swann-spores  ;  7i,  swarm-spore  changin;,'  to  a  niyxoaind-ba  ; 
i",Syounger,  A,  older  niyxoaniceba ;  I,  myxoamoeba;  about  to  fuse;  rn,  small  Plasmodium;  /«, 
portion  of  fully-developed  Plasmodium,  (n-m,  x  540  :  n,  x  i'O.) 

In  a  single  amteba  of  the  Myxomycetes,  and  still  better  in  a 
Plasmodium,  it  can  be  seen  that  the  fundamental  substance  of  the 
cytoplasm  is  hyaline  and  viscid.  This  fundamental  substance  is  called 
HYALOPLASM.  The  hyaloplasm  is  denser  on  the  surface  of  the  Plas- 
modium, entirely  free  from  granules,  and  forms  a  homogeneous  superficial 
layer,  sometimes  referred  to  as  the  protoplasmic  membrane.    In  the 
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interior,  on  the  other  hand,  the  h\'aloplasm  is  thin  and  tluid-Hke,  it 
contains  numerous  granules,  and  is  then  designated  GRAN'ULAR  plasm. 
In  the  granular  plasm  will  be  found  the  nuclei  of  the  various  amceba? 
from  which  the  plasmodium  has  been  formed. 

The  granular  plasm  of  plasmodia  exhibits  streaming  movements,  as 
of  different  commingling  currents,  and  affords  a  good  example  of  the 
internal  movements  commonly  shown  b}'  li^-iiig  protoplasmic  masses. 
Thus,  in  addition  to  the  flagellar  or  ciliary  moye:ments,  by  means 
of  which,  as  was  observed  in  the  swarm-spores  of  Chomlri/xlenna,  a 
change  of  position  is  effected  through  the  Avhip-like  motion  of  fine 
cytoplasmic  threads,  and  the  creeping  amceboid  moyements,  such 
as  were  also  exhibited  by  Cliroiulriodenm  in  the  amceba  stage  of 
its  development,  there  may  also  be  recognised,  as  in  the  case  of  the 
Plasmodium,  internal  protoplasmic  mo^t:ments.  A  plasmodium  is 
also  capable  of  creeping  movements.  It  sends  out  new  protrusions, 
and  draws  in  others  previous!}'  formed.  If  two  protrusions  meet, 
they  unite  to  add  a  new  mesh  to  the  network  of  the  plasmodium  (/<, 
Fig.  52).  The  viscous  structureless  superficial  pellicle  of  hyaloplasm 
exhibits  only  creeping  movements,  while  internal  protoplasmic  move- 
ments also  take  place  in  the  more  fluid  granular  plasm.  Thus  the 
granular  plasm  is  continually  flowing  in  iri'egular  currents,  alternately 
towards  or  away  from  the  surface  of  the  plasmodium. 

The  Plasmodium  is  able  to  surround  and  take  within  itself 
foreign  bodies.  These  are  then  enclosed  in  vacuoles  and,  as  far  as 
possible,  digested.  The  granular  plasm  seems  to  be  separated  from 
the  vacuoles  by  a  pellicle  of  hyaloplasm,  similar  to  that  on  the  surface 
of  the  Plasmodium. 

Protoplasmic  bodies,  or  protoplasts,  enclosed  by  cell  walls,  likewise 
separate  themselves  by  a  similar  hyaloplasmic  pellicle  from  the  cell 
walls  and  sap  cavities,  and  all  other  vacuoles.  The  granular  plasm  is 
accordingly  enclosed  on  all  sides  by  hyaloplasm,  while  the  cell  nucleus, 
with  its  centrospheres  and  chromatophores,  always  lies  embedded  in 
the  granular  plasm. 

Within  the  walled  protoplasts,  the  granular  protoplasm  often 
exhibits  internal  flowing  movements.  Such  movements  are  especially 
noticeable  when,  by  a  wound,  such  as  might  result  from  a  cut  in 
preparing  a  section,  a  stimulus  is  given  to  the  protoplasm.  In  cells 
in  which  the  protoplasm  forms  only  a  peripheral  layer,  there  may 
frequentl}"  be  observed  a  movement  in  a  continuously  circling  direction ; 
this  is  known  as  rotation.  If,  however,  the  sap  cavity  is  penetrated 
by  bands  or  threads  of  cytoplasm,  the  motion  will  generally  be  of 
that  kind  known  as  CIRCULATION,  in  which  case  the  currents  of  proto- 
plasm move  in  separate  coiu'ses  with  difterent  and  frequently  chang- 
ing directions.  Eotation  is  the  more  frequent  form  of  protoplastic 
movement  in  the  cells  of  water-plants,  while  in  laud  plants  circulation 
is  generally  the  rule. 
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A  porticnlarly  fkvoanble  object  for  the  stndy  ••>f  T^TT^tnpUsm  in  ciTvulati'"*!!  is 
afforded  by  the  stanniiml  hairs  of  Trad€Soiimiia  In  each  '-{) 

smalL  fine  corrents  of  protoplasm  flow  in  differ  .ions  ir.  *  ral 

cytoplasnuc  layer,  as  well  as  in  the  cytoplasmic  threads,  whicl.  ..  - 

carity.  These  cytoplasmic  threads  gradoally  change  their  form  .  -  it.  i 
thus  alter  the  position  of  the  cell  nacleosw  The  layers  of  hyaloplasm  separating 
the  granular  plasm  firom  the  cell  walls  and  the  i:  *  '  cavities  do  not,  in  all 
cases,  take  part  in  any  of  these  circalalory  move: 

When  the  protoplasm  is  in  rotation,  the  ceil  :          -  j.ud  chromatophores  are 

usually  carried  along  by  the  cumpnt,  yet  ther*  may  be  an  outer  layer  of  granular 
plasm  which  remains  motionless  and  retains  the  chromatophores.  This  is  the  cas« 
with  the  Stoneworts  {CHiaraetae},  whose  Icmg  intemodal  cells,  especially  in  the 
genus  XUella^  afford  good  e3amplcs  of  well-marked  rotation. 


Active  cytoplasm  is  a  viscous  substance.  Deprived  of  its  com- 
ponent water  it  becomes  hard  and  tenacious,  and, 
without  losing  its  vitality,  it  ceases  to  j»erform  Ai\y 
of  its  vital  functions  until  again  awakened  into 
activity  by  a  fresh  supply  of  water.  In  case  of  a 
scarcity  of  water  the  plasmodia  of  the  Myxomy- 
cetes  may  form  scLlLRorriA.  that  is,  masses  of  rest- 
ing protoplasm  of  an  almost  wax-like  consistency. 
Months  and  indeed  sometimes  years  afterwards,  it 
is  |>assible  from  such  sclerotia,  if  water  l:»e  properly 
supplied,  to  again  produce  motile  plasmodia.  ^ 
larly.  in  seeds  kept  for  a  long  time,  the  : 
plasm  consolidates  into  a  hard  mass,  which  may 
be  easily  cut  with  a  knife,  while  the  nuclei  will 
be  found  to  have  shrunk  and  lost  their  original 
shape.  Nevertheless  the  protoplasts,  after  ab- 
sorbing water,  may  return  again  to  a  condition  of 
activity. 

Protoplasm  is  not  a  simple  substance  chemically : 
it  consists  rather  of  different  components,  which 
are  subject  to  continual  change  and  in  a  state 
of  mutual  reaction.  Treated  as  a  uniform  mass, 
protoplasm  always  gives  a  proteid  reaction :  when 
incinerated,  fumes  of  ammonia  are  given  off. 

Active  protoplasm  generally  gives  an  alkaline,  and, 
under  certain  conditions,  a  neutral  reaction,  but  never 
an  acid  one.    The  protoplasm  of  the  higher  plants  coagulates  a: 
ture  not  much  over  50*  C.  in  the  Schirophytes.  however,  usually  not  below 
75"  C.     In  a  state  of  inactivity,  as  in  spores  and  seeds,  it  can  endure  a  still 
higher  temperature  without  coagulating :  when  coagulation  has  once  taken 
place,  death  ensues.     The  spores  of  many  Bacteria  can  withstand  a  tempera- 
ture as  hi^  as  105'  C.    Treated  with  akohol  or  ether,  or  with  acids  of  definite 
concentrati<His,  with  bichromates  of  the  alkali  metals,  or  with  corrosive  sub- 
limate, protoplasm  quickly  coagulates,  while  at  the  same  time  insoluble  proteid 
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compounds  are  formed.  Coagulating  reagents,  accordingly,  play  an  important  part 
in  microscopic  technique  ;  of  especial  value  are  such  which,  while  fixing  and 
hardening  the  protoplasm,  change  its  structure  in  the  least  degree.  As  a  fixing 
and  hardening  reagent  for  vegetable  tissues,  alcohol  is  particularly  serviceable  ; 
under  certain  conditions,  sublimate  alcohol,  or  1  to  2  per  cent  formaldehyde. 
For  animal  cells  and  for  the  loAver  plants,  1  per  cent  chromic  acid,  1  per  cent 
acetic  acid,  0*5  to  1  per  cent  osmic  acid,  concentrated  picric  acid,  or  corresponding 
mixtures  of  these  acids,  and  also  formaldehyde,  are  used  for  the  same  jjurpose. 
Iodine  stains  protoplasm  brownish  yelloAv  ;  nitric  acid,  followed  by  caustic  potash, 
yellowish  brown  ;  sulphuric  acid,  if  sugar  be  present,  rose  red.  Acid  nitrate  of 
mercury  (Millon's  reagent)  gives  to  protoplasm  a  brick-red  colour.  Treated  with 
copper  sulphate,  followed  by  caustic  potash,  protoplasm  is  coloured  violet  :  with 
an  aqueous  or  alcoholic  solution  of  alloxan,  red.  Aromatic  aldehydes  in  the 
presence  of  a  reagent  for  effecting  condensation,  such  as  sulphuric  or  hydrochloric 
acid,  and  an  oxidising  substance  or  a  higher  chloride,  also  produce  in  protoplasm 
characteristic  colour  reactions  ;  thus,  benzaldehyde  gives  a  blue-green  to  blue  ; 
piperonal,  a  violet-blue  ;  vanillin,  a  violet  or  violet-blue  reaction.  Protoplasm  is 
soluble  in  dilute  caustic  potash  and  also  in  eau  de  Javelle  (potassium-liyi)O- 
chlorite),  and  accordingly  both  of  these  reagents  may  be  recommended  for  clearing 
specimens,  when  the  cell  contents  is  not  to  be  investigated.  All  of  the  above- 
mentioned  reagents  kill  protoplasm  ;  until  they  have  done  so,  their  characteristic 
reactions  are  not  manifested.  In  their  greater  or  less  resistance  to  the  action  of 
solvents,  in  the  degree  of  their  sensitiveness  to  reagents,  and  in  the  intensity  of  the 
reactions,  the  various  constituents  of  protoplasm,  cytoplasm,  nucleus,  centrospheres, 
and  chromatophoies  differ  from  one  another,  and  thus  a  means  of  determining 
their  component  substances  is  afforded.  Accordingly  a  large  number  of  albuminous 
bodies  or  albuminates  have  been  named  wliicli  are  said  to  enter  into  the  composi- 
tion of  living  protoplasm.  It  is  wortliy  of  note  that  these  comijounds,  although 
still  for  the  most  part  not  fully  determined,  all  contain  phosphorus.  Such  as  are 
peculiar  to  the  nucleus  have  been  comprehended  under  the  term  nuclein.  Stain- 
ing reagents  have  also  become  an  important  help  to  microscopic  investigations  for 
determining  the  composition  of  pi'otoplasm.  This  is  due  to  the  fact  that  the 
different  constituents  of  protoplasm  take  up  and  retain  the  stain  with  different 
degrees  of  intensity  and  energy.  As  a  general  rule,  only  coagulated  protoplasm 
can  absorb  colouring  matter,  although  some  few  aniline  stains  can,  to  a  limited 
extent,  permeate  living  protoplasts.  For  staining  vegetable  protoplasts,  which 
have  been  previously  hardened,  the  various  carmines,  hfematoxylin,  iodine  green, 
acid  fuchsin,  eosin,  methylene  blue,  and  aniline  blue,  have  been  found  particularly 
convenient.  The  different  components  of  the  protoplasm  absorb  the  stains  Avith 
different  intensities,  and,  when  reagents  are  employed  to  remove  the  colouring 
]natters,  they  exhibit  differences  in  their  power  to  retain  them.  The  nucleus 
generally  becomes  more  intensely  coloured  than  the  rest  of  the  protoplasm, 
especially  a  part  of  its  substance,  which  is  therefore  called  Chromatin.  The 
chromatin,  moreover,  is  not  affected  by  gastric  juices  nor  by  solutions  of  pepsin 
containing  hydrochloric  acid,  although  both  cytoplasm  and  chromatophores  are 
at  once  digested  by  them.  On  the  other  hand,  with  a  trypsin  solution,  chromatin 
is  quickly  dissolved.  In  addition  to  those  substances,  which  are  to  be  regarded 
as  integral  parts  of  active  protoplasm,  it  always  includes  derivative  products  of 
albuminates,  particularly  amides,  as  asparagin,  glutamin ;  also  ferments-,  as 
diastase,  pepsin,  invertin  ;  at  times  alkaloids,  and  always  carbohydrates  and  fats. 
The  ash  left  after  incineration  also  shows  that  protoplasm  always  contains  mineral 
matter,  even  if  only  in  small  quantities.    All  substances  which,  as  such,  do  not 
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enter  directly  into  tlie  composition  of  ]iroto])l;i.sni,  but  are  only  included  witliin  it. 
are  designated  by  tlie  term  ^^Iktai'Lasm. 

The  Cytoplasm. — In  descriljinjj;  the  cytoplasm  of  the  i)hi>in(>(lia  oi 
the  Myxomycetes  and  of  the  walled  protoplasts  of  v('*ietal)le  cell>. 
mention  has  been  made  of  a  hyaline  fundamental  substance,  the 
hyalophism,  which  forms  a  superficial  layer  on  the  surface  of  the  cyto- 
plasm entirely  free  from  <xi'aiuiles,  while  in  the  interior,  as  granular 
plasm,  it  includes  granular  matter.  The  cyto})lasni  was  likewise 
shown  to  be  a  viscous  substance,  in  which  internal  streaming  move- 
ments of  the  particles  take  place,  while  at  the  same  time  its  superficial 
layer  of  hyaloplasm  remains  unchanged.  In  accordance  with  its 
viscous  fluid  character,  cytoplasm  possesses  certain  physical  })eculi- 
arities.  If  cells  full  of  protoplasm  be  opened  under  water,  the  out- 
flowing cyto})lasm  assumes  the  form  of  a  droj). 

The  cytoplasm  in  the  cells  of  many  Algae  has  a  structure  resembling 
that  of  foam,  while  in  the  higher  })lants  it  is  no  less  distinctly  fibrillar 
in  structure,  and  composed  of  protoplasmic  threads.  In  both  cases 
the  chambers  or  spaces  enclosed  b}-  the  foam-like  or  thread-like 
cytoplasm  are  filled  with  solutions  of  various  substances.  All  the 
granular  inclusions  lie  in  the  cytoplasm,  either  in  the  walls  of  the 
cytoplasmic  chambers  or  in  the  cytoplasmic  threads. 

The  small  granules  which  are  never  absent  from  the  graiudar 
plasm,  and  give  to  it  its  name,  are  called  ]MICH0S():mks.  As  they  show 
different  chemical  reactions,  it  is  inferred  that  they  have  also  different 
chemical  organisations.  Sometimes  they  appear  to  be  vesicles  filled 
with  liquid,  and  are  then  termed  physodes.  In  the  cells  of  many 
Algae  such  vesicles  attain  a  consideraljle  size,  and  undergo  modifica- 
tions of  their  shapes. 

Large  vesicles  or  vacuoles  filled  with  watery  solutions  are  found 
in  the  cytoplasm.  The  cytoplasm  separates  itself  from  such  vacuoles 
by  means  of  a  protoplasmic  membrane  or  pellicle  of  h3'aloi)lasm. 
The  sap  cavities  in  the  cells  of  the  more  highly  organised  })lants  are, 
in  this  sense,  merely  large  vacuoles.  The  protoplasmic  membranes 
which  surround  the  vacuoles  are  particularly  tenacious  of  life  ;  thus 
after  the  other  cytoplasm  of  a  cell  has  been  killed  with  a  10  per  cent 
solution  of  saltpetre,  the  walls  of  the  vacuoles  will  still  continue 
living.  As  the  pressuie  of  the  cell  sap  is  controlled  by  these  living 
vacuolar  membranes,  H.  DE  Vriks  has  given  them  the  name  Toxo- 
PLASTS.  Through  the  division  of  the  cytoplasm  its  tono})lasts  may 
become  bisected,  and  in  this  way  multiply.  On  the  other  hand,  a 
single  large  vacuole  may  result  from  the  fusion  of  several  smaller 
ones.  It  has  also  been  demonstrated  by  Pi-'effeii  that  new  pellicular 
membranes  may  be  formed  around  liquid  substances  in  the  cytoidasni. 

The  Cell  Nucleus. — The  nucleus  is  in  all  cases  fibrillar  in  struc- 
ture. It  appears  to  be  made  up  of  threads  twisted  together  and 
forming   an   anastomosing  network  (Fig.   r)4),   which,  however,  in 
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Fig.  b-i. — Quiescent  micleus  from 
the  developing  endosperm  of 
FritiUnria  imperiaUs,  hard- 
ened with  alcohol  and  stained 
Avith  safranin.  I,  Linin ;  cli, 
chromatin  ;  n,  nucleolus  ;  v;, 
nuclear  membrane ;  c,  ceii- 
trospheres.  (Somewhat  dia- 
grammatic, X  1000.) 


living  objects  can  only  be  distinguished  by  the  punctated  appearance  it 
gives  to  the  nucleus.  Streaming  movements  do  not  take  place  within 
the  nucleus.  An  insight  into  the  nuclear 
structure  is  only  to  be  attained  with  the  help 
of  properly  fixed  and  stained  preparations.  It 
is  then  possible  to  determine  that  the  greater 
part  of  this  nuclear  network  is  composed  of 
delicate  and,  for  the  most  part,  unstained 
threads,  in  which  lie  deeply  stained  granules. 
The  substance  of  the  threads  has  been  distin- 
guished as  LININ  (/),  that  of  the  granules  as 
CHROMATIN  {ch).  One  or  more  large  nuclear 
bodies,  or  nucleoli  {ii),  occur  at  the  inter- 
sections of  some  of  the  linin  threads  which, 
although  deepl)^  stained,  have  not  taken  the 
same  tint  as  the  chromatin  granules.  The 
network  of  the  nucleus  lies  within  the 
NUCLEAR  CAVITY,  which  is  filled  with  nuclear 
sap  and  surrounded  by  a  membrane  {w). 
Although  this  is  generally  spoken  of  as  the 
nuclear  membrane,  strictly  speaking  it  is  a  part  of  the  surrounding 
cytoplasm,  and  is  the  protoplasmic  layer  or  pellicle  with  which  the 
cytoplasm  separates  itself  from  the  nuclear  cavity. 

The  Centrospheres. — The  existence  of  these  bodies,  now  universall}' 
acknowledged  in  animal  cells,  is  generally  ad- 
mitted in  the  case  of  all  vegetable  cells,  although 
their  demonstration  has"  not,  in  all  cases,  been 
successful.  They  form,  as  Guignard  in  })ani- 
cular  has  shown,  two  small  homogeneous  spheres 
lying  near  the  nucleus  and  embedded  in  the 
cytoplasm.  Each  centrosphere  has  in  its  centre 
a  body  termed  the  centrosome  (c,  Figs,  50,  54), 
composed  of  one  or  more  small  granules.  As 
the  successful  fixing  and  staining  of  the  centro- 
spheres in  vegetable  cells  require  extreme  care, 
their  detection  in  the  granular  cytoplasm  is 
rendered  difficult. 

The  Chromatophores.  —  In  the  embryonic 
cells  of  growing  points,  where  the  chromatophores 
(Fig.  50,  rh)  are  principally  located  around  the 
nucleus,  they  first  appear  as  small,  colourless, 
highly  refractive  bodies ;  and  in  the  embryonic 
cells  of  ovules  they  have  a  similar  appear- 
ance.    They  may  retain  the  same  appearance  in 

older  cells  (Fig.  104,  A,  I),  but  in  them  they  also  attain  a  further 
development.    Chloroplasts,  leucoplasts,  or  chromoplasts  may 


Fig.  00. — Two  cells  from  a 
leaf  of  Funaria.  hygro- 
metrica.  d,  Chloroplasts ; 
n,  nucleus,    (x  300.) 
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be  developed  from  a  similar  original  substance ;  they  are  all  included 
in  the  one  terra,  chromatophores. 

In  parts  of  plants  which  are  exposed  to  the  light  the  chromato- 
phores  usually  develop  into  chlorophyll  l)odies  or  CHLoroPLAsts.  These 
are  generally  green  granules  of  a  somewhat  flattened  ellipsoidal  sha})e 
(Fig.  55),  and  are  scattered,  in  great  numbers,  in  the  parietal  cytoplasm 
of  the  cells.  All  the  chloroplasts  in  the  Cormophytes  and,  for  the  most 
part  also,  in  the  green  Thallophytes  present  this  same  granular  form. 
In  the  lower  Algae,  however,  the  chl()roi)hyll  bodies  may  assume  a 
band-like  (Fig.  235),  stellate  or  tabular  shape.  The  fundamental 
substance  of  the  chlorophyll  bodies  is  itself  colourless,  but  contains 
numerous  coloured  drops,  which  are  termed  grana.  These  consist 
of  an  oleaginous  substance,  which  holds  various  pigments  in  solution  ; 
a  green,  known  as  chlorophyll  or  chlorophyll-green  ;  a  yellow,  called 
xanthophyll ;  and  a  reddish  orange,  termed  carotin.  These  colouring 
substances  may  be  extracted  by  means  of  alcohol,  leaving  only  the 
colourless  plasmic  substance  of  the  chlorophyll  body  remaining. 

The  easiest  way  in  which  a  solution  of  chlorophyll  can  be  prepared,  is  to  extract 
the  chlorophyll  by  means  of  alcohol  from  green  leaves  that  have  been  previously 
boiled  in  water.  The  green  chlorophyll  pigment  is  also  soluble  in  ether,  fatty 
and  ethereal  oils,  paraffine,  i)etroleum,  and  carbon  disulphide.  The  alcoholic 
solutions  appear  green  in  transmitted  light  ;  l)lood  red  in  reflected  light,  on 
account  of  fluorescence. 

If  a  ray  of  sunlight  be  made  to  pass  through  a  tolerably  thick  layer  of  an 
alcoholic  solution  of  chloropliyll,  and  then  decom])Osed  by  a  prism,  the  resulting 
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Fig.  56.— Spectrum  of  an  alcoholic  solution  of  chloropliyll  extracted  from  foliaye  leaves.  (After 
Kraus.)  The  absorption  bands  in  the  less  refractive  part  of  the  spectrum  (7J-/0are  given  by  a 
concentrated  solution,  those  in  the  more  highly  refractive  part  of  the  spectrum  by  a  <lilut« 
solution. 


spectrum  will  show  seven  absorption  l)ands  (Fig.  56).    The  darkest  baud  extends 
from  Fraunhofer's  line,      to  some  distance  beyond  the  line  C.    The  other  bands 
are  not  so  intense  :  one  lies  between  C  and  D,  another  near  D,  and  one  near 
while  the  other  three  bands  are  broader  and  cover  almost  the  whole  lilue  half  of 
the  spectrum. 

If  benzole  be  added  to  an  alcoholic  solution  of  chloroi)hyll,  prepared  as  directed 
above,  and  the  mixture,  after  being  well  sliaken,  is  allowed  to  settle,  the  benzole 
will  be  found  to  have  taken  up  the  chlorophyll  pigment  and  tlie  carotin,  while  the 
xanthophyll  will  be  left  in  the  alcohol,  and  will  collect,  as  a  yellow  solution,  in  a 
layer  below  the  green  benzole.    The  amount  of  chlorophyll  in  a  green  plant  is 
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very  small.  Tschiuch  has  calculated  that  out  of  a  square  metre  of  green  foliage 
leaves  only  from  O'l  to  0-2  grams  of  chlorophyll  can  be  obtained.  Acids  decompose 
chlorophyll ;  contact  even  with  the  acid  cell  sap  is  sufficient  to  change  the  colour 
of  the  chlorophyll  bodies  to  a  brownisli  green.  It  is  due  to  this  fact  that  a  plant 
turns  brown  when  dried. 

The  green  colour  of  the  chlorophyll  in  some  groups  of  Algae  is 
more  or  less  masked  by  other  pigments.  In  addition  to  the  chlorophyll 
green,  with  its  accompanying  yellow  and  orange-red  pigments,  many  of 
the  blue -green  ScliizopUycecw  contain  a  blue  colouring  matter,  phyco- 
cyanin  ;  the  brown  Algae,  a  brown  pigment  called  phycophpein  ;  while 
the  red  Algae  possess  a  red  pigment  termed  phycoerythrin.  These 


Fig.  58. — Cell  from  tlie  red  pericarp 
of  the  fruit  of  Cmtaegns  coccinec. 
n,  Nucleus,    (x  540.) 

pigments,  which  are  peculiar  to  Algae,  are  soluble  in  water,  and  are 
characterised  by  a  beautiful  fluorescence.  The  phycocyanin  may  often 
be  found  as  a  blue  border  surrounding  a  blue -green  Fission -Alga 
which  has  been  dried  in  a  press.  Red  seaweeds  washed  up  by  the 
ocean  soon  become  green,  as,  owing  to  the  rapid  decomposition  of  the 
phycoerythrin,  the  chlorophyll  is  no  longer  concealed. 

Before  leaves  fall  in  the  autumn,  their  cells  lose  almost  all  of 
their  cytoplasmic  contents,  and  at  the  same  time  the  chloroplasts 
undergo  disorganisation.  There  remains  only  a  watery  substance  in 
the  cell  cavity,  in  which  a  few  oil  globules  and  crystals,  together 
with  a  few  yellow,  strongly  refractive  bodies,  can  be  seen.  Sometimes 
this  liquid  in  the  cell  cavities  becomes  red,  and  thus  imparts  to  the 
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foliage  its  autumnal  brilliancy.     In  the  leaves  of  coniferous  trees, 
which  only  indicate  the  approaching  winter  by  assuming  a  somewhat 
brownish  tint,  the  case  is  different.  The 
chlorophyll-green  of  their  chloroi)lasts  changes 
to  a  brownish  green,  but  in  the  following 
spring  regains  its  characteristic  colour. 

In  such  phanerogamic  parasites  or  humus- 
plants  as  are  devoid  of  green  colour,  the 
chloroplasts  either  do  not  develop,  or  they 
are  white,  or  have  only  a  brownish  or  green- 
ish colour.  Xo  chromatophores  are  found 
in  the  Fungi. 

In  the  interior  of  plants,  where  light 
cannot  penetrate,  leucoplasts  are  developed 
instead  of  chloroplasts  from  the  rudiments 
of  the  chromatophores.  They  are  of  a  denser 
consistency  than  the  chloroplasts,  and  re- 
sembling a  flattened  ellipsoid  in  shape,  are 
often  somewhat  elongated  in  consequence  of  ,  I- 
enclosed  albuminous  crystals.  If  the  leuco- 
})lasts  become  at  any  time  exposed  to  the 
light,  they  not  infrequently  change  into 
chloroplasts.  This  frequentl}^  occurs,  for  ex- 
ample, in  potatoes. 

The  CHROMOPLASTS  of  most  flowers  and 
fruits  arise  either  directly  from  the  rudiments 
of  colourless  chromatophores,  or  from  pre- 
viously formed  chloroplasts.  In  shape  the 
chromoplasts  resemble  the  ellipsoidal  granules 
of  the  chloroplasts,  except  tliat  they  are 
usually  smaller ;  or,  in  consequence  of  the 
crystallisation  of  their  colouring  pigment,  they 
assume  a  triangular,  tabular,  needle,  or  fan- 
shaped  form  (Figs.  57,  58,  59).  The  colour  of 
the  chromoplasts  varies  from  yellow  to  red, 
according  to  the  predominance  of  xanthophyll 
or  carotin. 

Tiie  name  carotin  has  been  derived  from  the  Carrot  {iJininis 
Carota),  in  the  roots  of  which  it  is  particularly  abundant  (Fig.  59). 
The  frequent  crystalline  form  of  the  chromoplasts  is,  in  a  great  part, 
due  to  the  tendency  of  carotin  to  crystallisation,  although  it  may  be 
also  occasioned  by  needle-like  crystals  of  albumen.  Xanthoi»hyll. 
however,  is  never  present  in  the  chromoplasts  except  in  an  amorphous 
condition. 

Multinuelear  Cells.  —  While  the  cells  of  the  Cormophytes  are 
almost  exclusively  uninuclear,  in  the  Thallophytes,  on  the  contrary, 


Fic.  (50.  — A  cell  of  a,i(h,j,h»ro 
glomeratii,  fixed  with  I  lier  cent 
chromic  acid  and  stained  with 
carmine,  n,  Nuclei;  ch,  chro- 
matophores ;  j;  pyrenoids  ;  n, 
stJirch  grains.  (xo40.) 
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nuclei  of  the  long,  multi nuclear  cells 


of 


fungoid 


filaments,  or  hyph^e, 
are  characterised 


multinuclear  cells  are  by  no  means  infrequent.  In  the  Fungi,  and  in 
the  Sij^Jioneae  among  the  Algae,  they  are  the  rule.  The  whole  plant  is 
thus  composed  either  of  but  one  single  multi- 
nuclear  cell,  which  may  be  extensively  branched 
(Fig.  250),  or  it  may  consist  of  a  large 
number  of  multinuclear  cells,  formins:  tosfether 
one  organism.  Thus,  after  suitable  treatment, 
several  nuclei  may  be  detected  in  the  peri- 
pheral cytoplasm  in  the  cells  of  the  common 
filamentous  fresh-water  Alga  Claclophora  glome- 
rata  (Fig.  6,  p.  12)  (Fig.  60). 

The 
(Fig.  61,  n) 

and  also  of  many  Siphoneae^ 
by  their  diminutive  size. 

The  Origin  of  the  Living  Elements  of 
Protoplasm. — Every  nucleus  in  an  organism 
owes  its  origin  to  the  nucleus  of  the  germ 
cell  (egg  or  spore)  ;  the  nuclei  of  the  germ 
cells  are  descended  from  the  nuclei  of  previous 
generations.  The  spontaneous  formation  of  a 
nucleus  never  takes  place.  In  the  same 
manner,  the  cytoplasm  of  every  organism  is 
derived  from  the  cytoplasm  of  the  germ  cell, 
and,  so  far  as  is  yet  known,  both  centrospheres  and  chromatophores 
take  their  origin,  each  only  from  its  own  kind. 

Nuclear  Division. — Except  in  a  few  limited  cases,  nuclei  reproduce 
themselves  by  mitotic  or  indirect  division.  This  process,  often 
referred  to  as  KARYOKINESIS,  is  somewhat  complicated,  but  seems 
necessary  in  order  to  effect  an  equal  division  of  the  substance  of  the 
mother  nucleus  between  the  two  new  daughter  nuclei.  In  its  principal 
features  the  process  is  similar  in  plants  and  animals. 

In  vegetable  cells,  the  threads  composing  the  nuclear  network  (p. 
56)  first  become  thicker  and  correspondingly  shorter  (Fig.  62,  1), 
the  anastomosing  connections  forming  the  meshes  are  drawn  in,  while 


Fig.  61.— Portions  of  two  ad- 
jacent cells  in  a  liyplia  from 
the  stalk  of  a  Mushroom, 
Agaricns  pratensis.  n,  Nu- 
clei ;  m,  pits,    (x  540.) 


the  thread  itself  straightens 
in  consequence  more  easily 


out  and  becomes  less  entangled,  and 
distinguished.  At  the  same  time  the 
amount  of  the  chromatin  increases,  and  this  increases  its  capacity  of 
absorbing  stains.  Finally,  the  chromatin  substance  in  the  thread 
becomes  arranged  in  parallel  discs  (A)  united  by  linin.  The  thread 
itself  then  divides  transversely  into  a  definite  number  of  segments, 
the  CHROMOSOMES  (2,  3),  which  thereupon  range  themselves  in  a 
plane  in  a  special  manner,  and  form  the  so-called  nuclear  plate 
(3).  Then,  or  sometimes  before,  the  segments  divide  longitudinally 
(4,  B,  C),  and  the  halves  thus  produced  separate  (s)  from  each  other 
in  opposite  directions  to  form  the  daughter  nuclei. 
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In  the  meantime  other  definite  processes  have  been  taking  place  ; 
while  the  thread  of  the  nuclear  network  has  been  shortening  and  dis- 
entangling, the  two  centrospheres  (1,  r\  previously  lying  together  close 
to  the  nuclear  membrane,  have  separated  and  taken  up  a  position 
opposite  each  other  (2,  c).  They  constitute  the  poles  of  the  division 
figure.  Beginning  at  these  two  points,  the  nuclear  membrane  dis- 
appears, and  the  nucleoli  also  become  more  or  less  completely 
dissolved,  influenced  in  all  probability  by  the  centrospheres.  Spindlk 


Fig.  62. — Successive  stages  in  nuclear  and  cell  division,  c,  Centrospheres;  n,  nucleolus;.*,  chro- 
mosomes; sp,  spindle  fibres;  A,  P.,  C,  chromosomes,  showing  longitudinal  division  and  the 
arrangement  of  the  chromatin,   (x  circa  000.) 

FIBRES  then  arise  from  protoplasmic  threads  found  within  the  nuclear 
cavity,  presumably  with  the  co-operative  activity  of  the  nucleolar 
substance.  The  spindle  fibres  converge  towards  both  poles  of  the 
division  figure,  and,  viewed  as  a  whole,  they  have  the  form  of  a  spindle. 
AVhile  some  of  the  spindle  fibres  extend  uninterruptedly  from  pole  to 
pole,  others  become  connected  with  the  chromosomes.  Through  this 
arrangement  of  the  spindle  fibres,  the  position  of  the  nuclear  plate  in 
the  equatorial  plane  of  the  spindle  figure  is  determined  ;  while  by  the 
contraction  of  the  spindle  fibres  in  connection  with  the  chromosomes, 
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the  longitudinal  halves  of  the  chromosomes  are  drawn  in  opposite 
directions  towards  either  pole  of  the  division  figure  (5,  6,  7).  In  the 
process  of  this  movement  of  the  chromosomes  tOAvards  the  poles,  the 
other  continuous  spindle  fibres  seem  to  serve  as  supports.  Before  the 
chromosomes,  however,  reach  the  poles,  a  division  of  the  centrospheres 
(5),  commencing  with  their  centrosomes,  takes  place,  so  that  two 
centrospheres  are  previously  provided  for  each  new  daughter  nucleus. 

In  the  nuclei  of  vegetable  cells,  the  priiuar}'  spindle  fibres  connected  with  the 
chromosomes  unite  Avith  the  spindle  fibres  extending  from  pole  to  pole.  The  number 
of  these  secondary  spindle  fibres  corresponds  with  the  number  of  the  chromosomes. 

In  forming  the  daughter  nuclei,  the  free  ends  of  the  chromosomes 
first  become  drawn  in  (8),  and  the  surrounding  cytoplasm  separates 
itself  by  means  of  a  protoplasmic  membrane  (9)  from  the  developing 
nuclei.  AVithin  the  nuclear  cavities  Avhich  are  thus  produced  the 
chromosomes  elongate  (10),  and  joining  together,  end  to  end,  become 
again  intertangled.  The  chromatin  substance  is  diminished  in  quantity, 
nucleoli  at  length  appear  in  the  enlarging  nuclei,  and  finally  a  con- 
dition of  rest  is  again  reached. 

The  changes  occurring  in  a  mother  nucleus  preparatory  to  division  are  termed 
the  PKOPHASES  of  the  karyokinesis.  These  changes  extend  to  the  formation  of  the 
nuclear  plate,  and  include  also  the  process  of  the  longitudinal  division  of  the 
chromosomes.  The  separation  of  the  daughter  chromosomes  is  accomj^lished  in  the 
METAPHASES,  and  the  formation  of  the  daughter  nuclei  in  the  anaphases  of  the 
karyokinesis.  The  real  purpose  of  the  whole  process  is  consummated  in  the 
(quantitative  and  qualitative  division  of  the  chromosomes,  resulting  from  their 
longitudinal  segmentation  (4,  B,  C).  The  anaphases  of  the  karj^okinesis  are  but  a 
reverse  repetition  of  the  prophases.  Exceptions  to  the  process  as  here  described, 
are  not  of  special  importance,  and  need  not  be  discussed. 

In  addition  to  the  mitotic  or  indirect  nuclear  division  there  is 
also  a  DIRECT  or  amitotic  division,  sometimes  called  Fragmenta- 
tion (Fig.  63).  It  usually  occurs  in  old  cells,  or  in  cells  in  which  the 
cell  contents  become  disorganised  shortly  after  the  nuclear  division. 

Instructive  examples  of  direct  nuclear  division  are  aff'orded  by  the 
long  internodal  cells  of  the  Stoneworts  (Characene),  and  also  b}'  the 
old  internodal  cells  of  Tradescantia  (Fig.  63). 

The  direct  nuclear  division  is  chiefly  a  process  of  constriction 
which,  however,  need  not  result  in  new  nuclei  of  equal  size.  In  the 
case  of  the  Stoneworts,  after  a  remarkable  increase  in  the  size  of  the 
nucleus,  several  successive  rapid  divisions  take  place,  so  that  a  con- 
tinuous row  of  bead-like  nuclei  results.  The  old  internodal  cells  of 
Tradescantia  (Fig.  63)  very  frequently  show  half-constricted  nuclei  of 
irregular  shape.  While  in  uninuclear  cells  indirect  nuclear  division  is, 
as  a  rule,  followed  by  cell  division,  this  is  not  the  case  after  direct 
nuclear  division. 
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Cell  Division. — In  the  uninuclear  cells  of  the  Cormophytes,  cell 
division  and  nuclear  division  are,  generally,  closely  associated  as  parts 
of  one  and  the  same  act.  The  spindle  fibres  extending  from  i)ole  to 
pole  persist  as  connecting  fibres  be- 
tween the  developing  daughter  nuclei 
(Fig.  62,  6,  7).  The  number  of  the 
connecting  fibres  is  increased  by  the  in- 
terposition of  others  in  the  equatorial 
plane.  In  consequence  of  this  a  barrel- 
shaped  figure  is  formed,  which  either 
separates  entirely  from  the  developing 
daughter  nuclei,  or  remains  in  connection 
Avith  them  by  means  of  a  peripheral 
sheath,  the  CONNECTING  UTRICLE.  The 
first  is  the  case  in  cells  rich  in  cyto- 
plasm, the  latter  when  the  cells  are  more 
abundantly  supplied  with  cell  sap.  At 
the  same  time  the  connecting  fibres 
become  granularly  thickened  (8,  9)  at 
the  equatorial  plane,  and  form  what  is 
known  as  the  CELL  plate.  In  the  case 
of  cells  rich  in  protoplasm  or  small  in 
diameter,  the  connecting  fibres  become 
more  and  more  extended,  and  touch  the 
cell  wall  at  all  points  of  the  equatorial 
plane  (10).  The  granular  elements  of  the 
cell  plate  then  unite  and  form  a  partition  wall,  which  thus  SIMUL- 
TANEOUSLY divides  the  mother  cell  into  two  daughter  cells  (10).  If, 

however,  the  mother  cell  has  a  large 
sap  cavity,  the  connecting  utricle 
cannot  at  once  become  so  extended, 
and  the  partition  wall  is  then  formed 
I XX  ,  r-/^^  '  ^■^^  '  succEssiYELY  (Fig.  G4).  In  that 
M  ly^S^^^  \    '  '^^^  partition  wall  first  com- 

'         "  "     mences  to  form  at  the  point  wliere 

the  utricle  is  in  contact  with  the 
side  walls  of  the  mother  cell  (Fig. 
64,  ^-/).  The  proto})lasm  then  de- 
taches itself  from  the  })art  of  the  new 
wall  in  contact  with  the  M'all  of  the 
mother  cell,  and  moves  gradually 
across  until  the  septum  is  completed  (Fig.  64,  B  and  C) ;  the  new 
wall  is  thus  built  up  by  successive  additions  from  the  protoplasm. 

In  the  Thallophytes,  even  in  the  case  of  uninuclear  cells,  the  parti- 
tion wall  is  not  formed  within  connecting  fibres,  but  arises  either 
simultaneously  from  a  previously  formed  cytoplasmic  plate,  or  suc- 


FiG.  (53.— Old  cells  from  tlit!  stt-iii  of 
Tradcsanitia  virginica,  showing 
nuclei  in  process  of  direct  division. 
(X  .040.) 


Fig.  (54. — Three  stages  in  the  division  of  a 
living  cell  of  Epipactis  j^dustris.  (After 
Treub,  X  3(55.) 
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cessively,  by  means  of  diaphragm-like  projections  from  the  Avail  of  the 
mother  cell.  It  was  a  division  process  of  this  kind  (Figs.  65,  66), 
first  investigated  in  fresh-water  Algae,  that  gave  rise  to  the  conception 
of  cell  division,  which  for  a  long  time  prevailed  in  both  animal  and 
vegetable  Histology.  In  this  form  of  cell  division  the  new  wall  com- 
mences as  a  ring-like  projection  from  the  inside  of  the  Avail  of  the 
mother  cell,  and  gradually  pushing  further  into  the  cell,  finally  extends 
completely  across  it  (Figs.  65,  66).  In  a  division  of  this  sort,  in 
uninuclear  cells,  nuclear  division  precedes  cell  division,  and  the  neAv 
Avail  IS  formed  midAvay  betAveen  the  daughter  nuclei  (Fig.  65).  In 
the  multinuclear  cells  of  the  Thallophytes,  on  the  other  hand,  although 
the  nuclear  division  does  not  differ  from  that  of  uninuclear  cells,  cell 
division  (Fig.  66)  is  altogether  independent  of  nuclear  division.  And 
in  multinuclear,  unicellular  Thallophytes,  nuclear  division  is  not  fol- 
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Fig.  65. — Cell  of  Spirogyra  in  division.  », 
One  of  the  daughter  nucdei ;  v,  developing 
partition  wall  ;  ch,  chlorophyll  band, 
pushed  inward  by  the  newly-forming  wall. 
(X  230.) 


Fig.  66.  —  Portiou  of  a  dividing  cell  of 
Cladophorn  fracta.  w,  Newly  -  forming 
partition  wall ;  cH,  intercepted  chromato- 
pliore  ;  Ic,  nuclei,    (x  600.) 


lowed  by  a  cell  division.  The  interdependence  of  nuclear  and  cell 
division  in  uninuclear  cells  is  necessary  to  ensure  a  nucleus  to  each 
daughter  cell.  In  multinuclear  cells  it  is  not  essential  that  cell 
division  should  ahvays  be  accompanied  by  nuclear  division,  as  in  any 
case  sufficient  nuclei  Avill  be  left  to  each  daughter  cell. 

Free  Nuclear  Division  and  Multicellular  Formation. — The  nuclear 
division  in  the  multinuclear  cells  of  the  Thallophytes  may  serve  as  an 
example  of  free  nuclear  division,  that  is,  of  nuclear  division  unaccom- 
panied by  cell  division.  In  plants  Avith  typical  uninuclear  cells, 
examples  of  free  nuclear  division  also  occur ;  although,  in  that  case, 
the  nuclear  division  is  customarily  folloAved  by  cell  diAision.  This  is 
often  the  case  in  the  formation  of  germ  cells,  and  is  due  to  the  fact 
that  Avhile  the  nuclei  increase  in  number  this  process  is  not  accom- 
panied by  a  corresjjonding  cell  diA'ision.  When,  hoAvever,  the  number 
of  nuclei   is  completed,  then  the  cytoplasm  between   the  nuclei 
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divides  simultaneously  into  as  many  portions  as  there  are  nuclei.  In 
this  process  we  have  an  example  of  multicellular  formation.  This  method 
of  development  is  especiallj- 
instructive  in  the  embrj'o-sac 
of  Phanerogams,  a  cell,  often 
of  remarkable  size  and  rapid 
growth,  in  which  the  future 
embryo  is  developed.  The 
nucleus  of  the  embryo -sac 
divides,  the  two  daughter 
nuclei  again  divide,  their 
successors  repeat  the  pro- 
cess, and  so  on,  until  at  last 
thousands  of  nuclei  are  often 
formed.  Xo  cell  division 
accompanies  these  repeated 
nuclear  divisions,  but  the 
nuclei  lie  scattered  through- 
out the  peripheral,  cyto- 
plasmic lining  of  the  em- 
bryo-sac. AVhen  the  embrj^o- 
sac  ceases  to  enlarge,  the 
nuclei  surround  themselves 

with       connecting      strands,  6T. -Portion  of  the  peripheral  protoplasm  of  the 

^,  '        embryo-sac  of  Reseda  odoraia,  showing  the  com- 

which     then     radiate     irom        mencement  of  multicellular  formation,    (x  240.) 

them  in  all  directions  (Fig. 

67).  Cell-plates  make  their  appearance  in  these  connecting  strands, 
and  from  them  cell  walls  arise.  In  this  manner  the  peripheral  proto- 
plasm of  the  embryo-sac  divides,  simultaneously,  into  as  many  cells 
as  there  are  nuclei. 

Various  intermediate  stages  between  simultaneous,  multicellular  formation  and 
successive  cell  division  can  often  be  observed  in  an  embryo -sac.  Where  the 
embryo-sac  is  small  and  of  slow  growth,  successive  cell  division  takes  place,  so  that 
multicellular  formation  may  be  regarded  as  but  an  accelerated  form  of  successive 
cell  division,  induced  by  an  extremely  rapid  increase  in  the  size  of  the  sap  cavity. 

Free  Cell  Formation. — Cells  produced  by  this  process  differ  con- 
spicuously from  those  formed  by  the  usual  mode  of  cell  division,  in 
that  the  free  nuclear  division  is  followed  by  the  formation  of  cells  which 
have  no  contact  with  each  other.  This  process  can  be  seen  in  the 
developing  embryo  of  the  Gymnosperms,  in  Ephedra,  for  example,  and 
also  in  the  formation  of  the  spores  of  the  Ascoimjcetes.  In  the  case  of 
Ephedra  there  first  occurs  a  free  division  of  the  nucleus  of  the  fertilised 
egg ;  each  daughter  nucleus  then  divides  once  or  twice,  so  that  four 
or  eight  nuclei  are  ultimately  produced.  A  rounded,  cytoplasmic 
mass  collects  about  each  nucleus  and  surrounds  itself  with  a  cell  wall 
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(Fig.  68) ;  but  the  four  or  eight  cells  thus  formed  have  no  contact 
with  each  other,  and  the  cytoplasm  of  the  mother  cell  is  not  totally 
consumed  by  their  formation. 

Cell-Budding. — This  is  simply  a  special  variety 
of  ordinary  cell  division,  in  which  the  cell  is  not 
divided  in  the  middle,  but,  instead,  pushes  out  a 
protuberance  which,  by  constriction,  becomes  separ- 
ated from  the  mother  cell.  This  mode  of  cell 
multiplication  is  characteristic  of  the  Yeast  plant 
(Fig.  2,  p.  11) ;  and  the  spores,  known  as  conidia, 
which  are  produced  by  numerous  Fungi,  have  a 
similar  origin  (Fig.  286). 

Cell -Formation  by  Conjugation. — A  sexual 
cell  is  only  able  to  continue  its  development  after 
fusion  with  another  sexual  cell.  The  two  cells  so 
uniting  are  either  alike,  and  in  that  case  are  called 
GAMETES,  or  unlike,  and  are  then  distinguished  as 

Fig.  68.— Free  cell  forma-   EGG  and  SPERMATOZOID.      The  spcrmatozoid  is  the 

tion  in  the  fertilised  ^^le  female  sexual  cell.    The  gametes 

egg -cell  of  Ephedra  '  n  n    -o\  rpi 

aitissima.  (x  100.)  niay  be  motile  or  non-motile  {rig.  69,  B).  ine 
motile  gametes  frequently  resemble  the  swarm- 
spores  (Fig.  69,  .rl)  generated  by  the  same  parent  for  the  purpose 
of  asexual  reproduction.  As  a  rule,  however,  they  are  smaller 
than  the  swarm-spores,  and  have  usually  only  half  as  many  cilia. 
In  the  more  highly  specialised  sexual  cells  the  egg  usually  retains 
the  structure  of  an  embryonic  cell,  but  the  spermatozoid  under- 
goes various  changes.  A  cytoplasmic  cell  body,  a  nucleus,  and  the 
rudiments  of  chromatophores  are  always  present  in  the  egg.  The 
male  sexual  cell  (Fig.  70),  on  the  other  hand^  becomes  transformed, 
in  the  more  extreme  cases,  into  a  spirally  twisted  body,  provided  with 
cilia,  and  exhibiting  an  apparently  homogeneous  structure.  Only  a 
knowledge  of  the  history  of  its  development,  and  the  greatest  care  in 
hardening  and  staining,  have  rendered  it  possible  to  recognise  the 
homology  of  the  structure  of  such  a  spermatozoid  with  that  of  an 
embryonic  cell.  It  has  been  shown  that  one  part  of  its  spiral  body 
corresponds  to  the  cell  nucleus  another,  together  with  the  cilia,  to 
the  cytoplasm  (c),  and  the  vesicle  (/>),  at  the  other  extremity,  to  the  sap 
cavity  of  a  cell.  After  the  spermatozoids  are  set  free  from  the  sexual 
organs,  they  require  water  for  their  dispersal.  They  are  motile,  and 
are  thus  enabled  to  seek  out  the  egg-cells,  which,  in  most  cases,  await 
fertilisation  within  the  organ  in  which  they  have  been  formed. 

Motile,  male  sexual  cells  occur  only  in  the  Cryptogams.  In  the 
Phanerogams  (Fig.  71)  the  non-motile  male  cell  (gz)  is  carried  to  the 
egg  by  the  growth  of  the  pollen  tube  (Fig.  71,  A),  in  which  it  is 
enclosed.  In  the  union  of  the  two  sexual  cells  in  the  act  of  fertilisa- 
tion, the  egg  nucleus  (ek)  and  the  sperm  nucleus  (sk)  fuse  and  form 
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the  nucleus  of  the  fertilised  egg-cell.  The  cytoplasm  of  the  male 
cell  also  commingles  with  that  of  the  female  cell,  but  the  chroma- 
tophores  of  the  embryo  are  derived  from  the  egg-cell  alone.    It  is 


Fig.  69. — A,  An  asexual  swarm-spore 
of  Ulothrix  zonata ;  B,  1,  a  gamete ; 
2  and  3,  conjugating  gametes  ;  4, 
zygote,  formed  by  the  fusion  of 
two  gametes,    (x  500.) 


Fig.  70. — A,  Spermatozoid  of  Chara 
fragilis;  B,  spermatozoid  of  the 
Fern  Phegopteris  Gieshrechtii.  The 
darker  portion,  k,  corresponds  to 
the  cell  nucleus ;  the  lighter, 
c,  to  the  cell  cytoplasm  ;  cl,  cilia  ; 
h,  vesicle,    (x  540.) 


Fig.  71.  —  Fertilisation  of  a  phanerogamic 
Angiosperni,  somewhat  diagrammatic. 
A,  End  of  i^oUen  tube;  in  it  the  genera- 
tive cells  gz,  each  of  which  contains  a 
sperm  nucleus ;  vk,  the  vegetative  cell 
in  process  of  dissolution.  B-D,  Egg  in 
successive  stages  of  fertilisation, — B,  show- 
ing the  generative  cell  with  its  sperm 
nucleus,  sk,  penetrating  the  egg ;  C,  the 
union  of  sperm  nucleus,  sk,  and  egg 
luicleus,  ek ;  c,  centrospheres ;  D,  the 
germ  nucleus,  kk,  resulting  from  the 
fusion  of  the  sperm  and  egg  nuclei ;  ch, 
rudiments  of  chromatophores.  (x  circa 
500.) 


still  uncertain  whether  a  similar  fusion  of  the  centrospheres  of  the 
sexual  cells  also  takes  place.  It  is  regarded  as  more  probable  that 
the  centrospheres  of  the  egg  nucleus — more  rarely  those  of  the  sperm 
nucleus — become  functionless,  so  that  the  centrospheres  of  the  fertilised 
egg  are  derived  only  from  the  sperm  nucleus,  or  from  the  nucleus  of 
the  female  cell. 
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The  egg  becomes  capable  of  development  as  the  result  of  fertilisa- 
tion, although  there  are  exceptional  cases  in  the  organic  kingdom, 
especially  among  the  Arthropods,  where  an  unfertilised  egg  may  produce 
an  embryo.  This  is  called  parthenogenesis.  In  the  vegetable 
kingdom  the  existence  of  parthenogenesis  in  plants  with  advanced 
sexual  differentiation  has  only  been  proved  in  the  case  of  Chara  crinlta^ 
one  of  the  Characeae. 

Multiplication  of  the  Chromatophores. — This  is  accomplished  by 
a  direct  division,  as  a  result  of  which,  by  a  pro- 
cess of  constriction,  a  chromatophore  becomes 
divided  into  two  nearly  equal  halves.  The 
stages  of  this  division  may  best  be  observed  in 
the  chloroplasts  (Fig.  72). 

Inclusions  of  the  Protoplasm — Starch. — 
The  chloroplasts  in  plants  exposed  to  the  light 
almost  always    contain    starch    grains.  These 
grains  from  the  leaf  of  grains  of  starcli  fouud  in  the  chloroplasts  are  the 

Funaria  hygrometrica,  f^j.^^  visible  productS  of  the  assimilatiou  of  in- 
resting,  and  in  jn-ocess  .  r^^  r  -i     •  ^ 

of  division.  (X  540.)  organic  matter.  They  are  formed  m  large 
numbers,  but  as  they  are  continually  dissolving, 
always  remain  small.  Large  starch  grains  are  found  only  in  the 
reservoirs  of  reserve  material,  where  starch  is  formed  from  the  de- 
posited products  of  previous 
assimilation.  Such  starch  is 
termed  reserve  starch,  in 
contrast  to  the  assimilation 
starch  formed  in  the  chloro- 
plasts. All  starch  used  for 
economic  purposes  is  reserve 
starch.  The  starch  grains  stored 
as  reserve  material  in  potatoes 
are  comparatively  large,  attain- 
ing an  average  size  of  0*09  mm. 
As  shown  in  the  adjoining 
figure  (Fig.  73),  thej^  are  plainly 
stratified.  Their  stratification 
is  due  to  the  varying  densi- 
ties of  the  successive  layers. 
They  are  eccentric  in  structure, 
as  the  organic  centre,  about 
which  the  different  layers  are 
laid  down,  does  not  corre- 
spond with  the  centre  of  the  grain.  The  starch  grains  of  the 
legumes  and  cereals,  on  the  other  hand,  are  concentric,  and  the 
nucleus  of  their  formation  is  in  the  centre  of  the  grain.  The 
starch  grains  of  the  Bean,  Fhaseolus  vulgaris  (Fig.  74),  have  the  shape 


Fig.  73. — Starch  grains  from  a  potato.  A,  simple  ; 
B,  half-compound  ;  C  and  D,  compound  starch 
grains  ;  c,  organic  centre  of  the  starch  grains,  or 
nucleus  of  their  formation,    (x  540.) 
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of  a  flattened  sphere  or  ellipsoid  ;  they  show  a  distinct  stratification, 
and  are  crossed  by  fissures  radiating  from  the  centre.  The  disc-shaped 
starch  grains  of  wheat  are  of  unequal  size,  and  only  indistinctly  strati- 
fied (Fig.  65).  A  comparison  of  the  accompanying  figures  (Figs.  72- 
75).  all  equally  magnified,  will  give  an  idea  of  the  varying  size  of 
the  starch  grains  of  diff'erent  plants.  The  size  of  starch  grains 
varies,  in  fact,  from  0*002  mm.  to  0*170  mm.  Starch  grains  0-170 
mm.  large,  such  as  those  from  the  rhizome  of  Canna,  may  be  seen 
even  with  the  naked  eye,  and  have  the  appearance  of  brilliant  points. 
In  addition  to  the  simple  starch  grains  so  far  described,  half-compound 


Fig.   74.  —  Starch  Fig.  76.— Starch  grains  of  oats,  Fig.  77.— Leucoplasts  from  an  aerial  tuber 

grains  from  the  Avena  scdiva.    A,  Compound  of  Phojus  grandifolius.    A,  C,  D,  E, 

cotyledons     of  grain  ;  B,  isolated  component  Viewed  from  the  side  ;  B,  viewed  from 

Phaseolus     ml-  grains  of  a  compound  grain.  above ;  E,  leucoplast  becoming  green 

garis.  (x  540.)  (X  540.)  and  changing  to  a  chloroplast.  (x  540.) 


and  compound  starch  grains  are  often  found.  Grains  of  the  former 
kind  are  made  up  of  two  or  more  individual  grains,  surrounded  by 
a  zone  of  peripheral  layers  enveloping  them  in  common.  The  com- 
pound grains  consist  merely  of  an  aggregate  of  individual  grains  un- 
provided with  any  common  enveloping  layers.  Both  half-compound 
(Fig.  73,  B)  and  compound  starch  grains  (Fig.  73,  C,  D)  occur  in 
potatoes,  together  with  simple  grains.  In  oats  (Fig.  76)  and  rice  all 
the  starch  grains  are  compound.  According  to  Nageli,  the  compound 
starch  grains  of  rice  consist  of  from  4  to  100  single  grains  ;  those  of 
Spinacia  glabra  sometimes  of  over  30,000.  Starch  thus  formed  from 
previously  assimilated  organic  substances  also  requires  chromatophores 
for  its  production.  It  is  produced  by  means  of  leucoplasts,  which  are, 
in  consequence,  often  termed  starch-builders.  If  the  formation  of  a 
starch  grain  should  begin  near  the  periphery  of  a  leucoplast,  the  grain 
would  eventually,  by  its  continued  enlargement,  protrude  from  the 
leucoplast.    As  new  layers  of  starchy  matter  are  then  deposited  only 
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on  the  side  remaining  in  contact  with  the  plastid,  the  starch  grain 
thus  becomes  eccentric  (Fig.  77).  Should,  however,  several  starch 
grains  commence  to  form  at  the  same  time  in  one  leucoplast,  they 
would  become  crowded  together  and  form  a  compound  starch  grain, 
which,  if  additional  starchy  layers  are  laid  down,  gives  rise  to  a  half- 
compound  grain. 

It  has  recently  been  asserted  that  starch  grains  are  crystalline  bodies,  so-called 
sphserites,  and  are  composed  of  fine,  radially  arranged,  needle-shaped  crystals 
(trichites).  Their  stratification,  according  to  this  view,  is  due  to  variations  in  the 
form  and  number  of  the  cr3"stal  needles  in  the  successive  layers.  In  a  few 
individual  cases,  Arthuh  Meveii  has  succeeded  in  showing  that  the  stratification 
of  the  starch  grains  corresponds  to  the  alternation  of  the  periods  of  day  and  night, 
i.e.  to  the  interference  which  is  thus  caused  in  the  nutritive  processes.  The  growth 
of  starch  grains  is  also  affected  by  the  solvent  action  of  surrounding  substances, 
whereby  the  peripheral  layers  may  be  partially  removed,  and  then  no  longer  com- 
pletely envelop  the  entire  grain.  Starch  grains  are  composed  of  a  carbohydrate, 
the  formula  of  which  is  (C6Hio05)n.  Most  starch  grains  only  contain  amyloid, 
one  varietj^  of  which  becomes  liquid  in  the  presence  of  water  at  a  temperature 
of  100°  C,  and  another,  which,  under  the  same  conditions,  does  not  become  liquid. 
In  addition  to  this  amyloid  man}^  starch  grains  contain  also  amj'lodextrin.  In 
certain  cases,  as  in  Oryza  sativa  var.  glutinosa  and  Sorghum  vulgarc  var.  glutinosnm, 
the  starch  grains  consist  jirincipally  of  amylodextrin.  Although  starch  rich  in 
amyloid  gives  a  blue  reaction  Avitli  a  solution  of  iodine,  the  starch  rich  in  amylo- 
dextrin takes  a  red  wine  colour.  Starch  grains  become  swollen  in  water  at  a  tem- 
perature of  60°  to  70°  C,  according  to  Arthur  Meyer,  because  of  the  conversion 
into  tenacious  globules  of  the  more  readily  soluble  of  the  two  amyloids  ;  at  138°  C. 
starch  grains  become  completely  dissolved.  Starch  swells  very  readily  at  ordinary 
temperatures  in  solutions  of  potassium,  or  sodium  hydrate.  Heated  without  addi- 
tion of  water,  i.e.  roasted,  starch  becomes  transformed  into  dextrin,  and  is  then 
soluble  in  water  and  correspondingly  more  digestible.  That  starch  grains  give  a 
dark  cross  in  polarised  light  is  due  to  the  double  refraction  of  the  component 
crystalline  elements. 

The  amount  of  starch  contained  in  reservoirs  of  reserve  material  is  often  con- 
siderable ;  in  the  case  of  potatoes  25  per  cent  of  their  whole  weight  is  reserve 
starch,  and  in  Avlieat  the  proportion  of  starch  is  as  high  as  70  per  cent.  The  starch 
flour  of  economic  use  is  derived  by  washing  out  the  starch  from  such  reservoirs  of 
reserve  starch.  In  the  preparation  of  ordinary  flour,  on  the  contrary,  the  tissues 
containing  the  starch  are  retained  in  the  process  of  milling. 

Aleurone. — Aleurone  or  protein  grains  (gluten)  are  produced 
in  the  seeds  of  numerous  plants,  especially  in  those  containing  oil. 
They  are  formed  from  vacuoles,  the  contents  of  which  are  rich  in 
albumen,  and  harden  into  round  grains  or,  sometimes,  into  irregular 
bodies  of  indefinite  shape.  A  portion  of  the  albumen  often  crystal- 
lises, so  that  frequently  one  and  occasionally  several  crystals  are 
formed  within  one  aleurone  grain.  In  aleurone  grains  containing 
albumen  crystals  there  may  often  be  found  globular  bodies,  termed 
GLOBOIDS,  which,  according  to  Pfeffer,  consist  of  a  double  phosphate 
of  magnesium  and  calcium  in  combination  with  some  organic  substances. 
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Crystals  of  calcium  oxalate  are  also  found  enclosed  in  the  aleurone 


grains  tlieni- 
in  a  cytoplasm 


9 


Fig.  7S. — A,  Cell  from  the  endospenu  of  Bicinvs 
coramunis,  in  water;  B,  isolated  aleurone  grains 
in  olive  oil ;  k,  albumen  crystals ;  g, 
(X  540.) 


globoid. 


The  seeds  of  Fdcinus  (Fig  78)  furnish  good  examples  of  aleurone  grains  witl 
enclosed  albumen  crystals  and  fflo- 
boids.  The  aleurone 
selves  lie  embedded 
that  is  rich  in  oil.  In  the  cereals 
the  aleurone  grains  which  lie  only  in 
the  outer  cell  layer  of  the  seeds 
(Fig.  79,  al)  are  small,  and  free  from 
all  inclusions  ;  they  contain  neither 
crystals  nor  globoids.  As  the  outer 
cells  of  wheat  grains  contain  only 
aleurone,  and  the  inner  almost  ex- 
clusively starch,  it  follows  that  flour 
is  the  richer  or  poorer  in  albumen, 
the  more  or  less  completely  this  outer 
layer  has  been  removed  before  the 
wheat  is  ground.  From  the  inner  layers  tiner  and  whiter  flour  can  be  made  ; 
while  more  nourishing  flour  is  obtained  from  the  outer  layers. 

Reactions  for  aleurone  are  the  same  as  those  already  mentioned  for  the  albuminous 

substance  of  protoplasm.  Treat- 
ment of  a  cross-section  of  a  grain 
of  wheat  (Fig.  79)  with  a  solution 
of  iodine  Avould  give  the  aleurone 
layer  a  yellow-brown  colour,  while 
the  starch  laj'ers  would  be  coloured 
blue. 

Albumen  Crystals. — Crystals 
of  this  nature  are  especially  fre- 
quent in  aleurone  grains  (Fig.  78). 
They  have  previously  been  men- 
tioned as  occurring  in  the  chroma- 
tophores.  In  the  illustration  of 
the  leucoi)lasts  Phajus  grancli- 
folius  (Fig.  77),  the  rod-shaped 
crystals  are  represented  as  light 
stripes  (in  B  and  E).  In  the 
green  Algae,  the  angular,  strongly 
refractive  bodies  lying  in  the 
chloroplasts  and  surrounded  by  a 
ring  of  starch  granules  are  albu- 
men crystals.  A  good  example 
of  these  bodies,  known  as  pyrexoids  or  amylum  centres,  may  be  seen  in 
the  green  bands  of  Spirogijra  (Fig.  235).  Albumen  crystals  may  also  occur  di- 
rectly in  the  cytoplasm  ;  as,  for  instance,  in  the  cells  poor  in  starch,  in  the  peri- 
pheral layers  of  potatoes.  Albumen  crystals  are  sometimes  found  even  in  the 
cell  nucleus.  This  is  particularly  the  case  in  the  Toothwort  {Lathraea 
squamaria).  Albumen  crystals  usually  belong  either  to  the  regular  or  to  the 
hexagonal  crystal  system.    They  difter  from  other  crystals  in  that,  like  dead 


am 


Fig.  79.— Part  of  a  section  of  a  grain  of  wheat,  Triticum 
■vulgare.  p,  Pericarp  ;  t,  seed  coat,  internal  to  which 
is  the  endosperm ;  al,  aleurone  grains ;  am,  starch 
grains  ;  n,  cell  nucleus,    (x  240.) 
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albuminous  substances,  they  may  be  stained,  and  also  in  that  they  are  capable  of 
swelling  by  imbibition.  Subjected  to  the  action  of  water  or  a  dilute  solution  of 
caustic  potash,  they  at  first  increase  in  size  without  losing  their  crystalline 
outline. 

Crystals  of  Calcium  Oxalate. — Few  plants  are  devoid  of  such 
crystals.  They  are  formed  in  the  cytoplasm,  within  vacuoles  which 
afterwards  enlarge  and  sometimes  almost  fill  the  whole  cell.  In  such 
cases  the  other  components  of  the  cell  become  greatly  reduced ;  the  cell 
walls  at  the  same  time  are  often  converted  into  cork,  and  the  whole 
cell  becomes  merely  a  repository  for  the  crystal.  The  crystals  may  be 
developed  singly  in  a  cell,  in  which  case  they  belong  either  to  the 
tetragonal  or  monosymmetrical  crystal  system  ;  or,  as  is  more  frequently 
the  case,  they  form  crystal  aggregates,  clusters  of  crystals  radiat- 
ing in  all  directions  from  a  common  centre.  In  the  Liliaceae,  Orchidaceae, 
and  other  Monocotyledons,  compact  bundles  of  needle-shaped  crystals  of 
calcium  oxalate,  the  so-called  raphides,  are  especially  frequent  (Fig.  80). 

Such  crystal  bundles  are  always  enclosed  in  a 
large  vacuole  filled  with  a  mucilaginous  sub- 
stance. The  degree  of  concentration  of  the 
mother  liquor  from  which  the  crystals  have 
separated,  determines,  according  to  Kny,  their 
crystal  form,  whether  tetragonal  or  monoclinic. 

Siliceous  bodies,  which  are  only  soluble  in  hydro- 
fluoric acid,  are  often  found  in  the  cytoplasm  of  many 
cells,  especially  of  Palms  and  Orchids,  and  often  com- 
pletely fill  the  whole  cellular  space. 

Tannin. — Highly  refractive  vacuoles  filled 
with  a  concentrated  solution  of  tannin  are 
of  frequent  occurrence  in  the  cytoplasm  of 
cortical  cells,  and  may  often  grow  to  a  con- 
siderable size. 

The  dark-blue  or  green  colour  reaction  obtained  on 
treatment  with  a  solution  of  ferric  chloride  or  ferric 
sulphate,  and  the  reddish-brown  precipitate  formed  with 
an  aqueous  solution  of  potassium  bichromate,  are  usually 
accejited  as  tests  for  the  recognition  of  tannin,  although 
equally  aj)plicable  for  a  whole  group  of  similar  sub- 
stances. 

Fats  and  Oils  in  plants  are  mixtures  of 
fatty  acid  esters.  Frequently,  as  in  species  of 
Allium  and  Aloe,  a  fatty  oil  appears  in  the 
old    chlorophyll  grains.      The  occurrence  of 


J 


Fig.  so.— Cell  from  the  cortex 
of  Dmvo.eiia  rubra,  filled 
with  mucilaginous  matter 
and  containing  a  bundle 
of  raphides,  r.    (x  1(30.) 


castor  oil  in  the  form  of  highly  refractive  drops 
in  the  cytoplasm  of  the  aleurone-containing  cells  in  the  endosperm  of 
the  castor-oil  seeds,  has  already  been  referred  to.    Oil  usually  occurs  in 
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this  form.  But  fatty  substances  may  also  appear  in  the  cytoplasm  as 
irregularly-shaped,  more  or  less  soft  grains,  as  for  example  in  the 
vegetable  butters  and  in  the  wax  of  various  seeds ;  they  may  even 
be  crystalline,  as  in  the  needle-like  crystals  of  Para-nuts  (Bertholletia 
excelsa)  and  of  Nutmeg  {Myristica  fragrans). 

Glycogen. — This  substance,  related  to  sugar  and  starch,  and  of  frequent  occur- 
rence in  animal  tissues,  fulfils,  according  to  Erhera,  the  same  functions  in  the 
Fungi  as  sugar  and  starch  in  the  higher  plants.  Cytoplasm  containing  glycogen 
is  coloured  a  reddish-brown  with  a  solution  of  iodine.  This  colour  almost  wholly 
disappears  if  the  preparation  be  warmed,  but  reappears  on  cooling. 

Ethereal  Oils  and  Kesins. — In  most  cases  the  strongly  refractive 
drops  found  dispersed  throughout  cytoplasm  are  globules  of  some 
ethereal  oil.  It  is  the  presence  of  such  oils  in  the  petals  of  many 
flowers  that  give  to  them  their  agreeable  perfume.  Under  certain 
conditions  the  oil  globules  may  become  crystallised.  This  occurs,  for 
example,  in  Rose  petals.  Secretions  from  surrounding  cells  are  often 
deposited  in  special  receptacles  in  which,  through  oxidisation,  camphor 
or  resin  is  formed. 

Special  cells  of  this  kind,  with  corky  walls  and  filled  with  resin  or  ethereal 
oils,  are  found  in  the  rhizomes  of  certain  plants,  as  for  instance  in  those  of 
Calamus  {Acorus  Calamus)  and  of  Ginger  (Zingiber  officinale)  ;  also  in  the  bark, 
as,  for  example,  of  Cinnamon  trees  {Citmamomum)  ;  in  the  leaves,  as  in  the  Sweet 
Bay  {Laurus  noMlis)  ;  in  the  pericarp  and  seed  of  the  Pepper  {Piper  nigrum)  ; 
in  the  pericarp  of  Anise  seeds  {Illicium  anisatum). 

Mucilaginous  Matter  is  often  found  as  a  part  of  the  cell  contents 
in  the  cells  of  bulbs,  as  in  Allium  Cepa  and  Scilla  maritima,  in  the 
tubers  of  Orchids,  also  in  aerial  organs,  especially  in  the  leaves  of 
Succulents,  which,  living  in  dry  places,  are  thus  enabled  to  maintain 
their  water-supply  by  means  of  their  mucilaginous  cells. 

Caoutchouc  and  Gutta-percha. — These  substances  are  found  in 
a  number  of  plants  belonging  to  different  groups,  in  particular  in  the 
Urficaceae,  Euphorhiaceae,  and  Sapotaceae.  They  occur  in  the  so-called 
milk  sap  of  special  cells  in  the  form  of  small,  dense  globules,  which, 
suspended  in  the  watery  cytoplasm,  give  it  its  milky  appearance. 

Sulphur. — As  being  of  unusual  occurrence,  mention  should  be  made  of  the 
presence  of  sulphur  in  the  form  of  small  refractive  grains  in  the  protoplasm  of 
certain  Bacteria,  the  Beggiatoae.  These  Bacteria  live  in  water  containing  much 
organic  matter,  and,  according  to  Winogradsky,  obtain  their  sulphur  from 
sulphuretted  hydrogen.  In  fulfilling  its  function  in  the  Bacteria  the  sulx)hur 
becomes  oxidised  into  sulphuric  acid. 

The  Cell  Sap. — Under  this  term  is  included  especialty  the  fluid 
which  in  old  cells  fills  the  inner  sap  cavity.  It  is  generally  watery 
and  clearer  than  the  fluid  contained  in  the  smaller  vacuoles  of  the 
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cytoplasm.  No  sharp  distinction  can,  however,  be  drawn  between 
the  sap  cavity  and  vacuoles,  and,  moreover,  a  number  of  such  vacuoles 
may  take  the  place  of  the  sap  cavity  itself.  The  cell  sap  usually 
gives  an  acid  reaction,  though  in  water-plants,  according  to  TsCHlRCH, 
this  reaction  is  often  uncertain.  The  substances  held  in  solution  by 
the  cell  sap  are  very  various.  The  soluble  carbohydrates,  in  parti- 
cular the  sugars,  cane  sugar,  the  glucoses,  and  especially  grape  sugar, 
frequently  occur  in  the  cell  sap.  The  glucoses  may  be  recognised  by 
their  reducing  properties. 

If  preparations  containing  glucose  be  placed  in  a  solution  of  copper  sulphate, 
and,  after  being  washed  out,  are  transferred  to  a  solution  of  caustic  potash  and 
heated  to  boiling,  they  will  give  a  brick-red  precipitate  of  cuprous  oxide.  If  cane 
sugar  or  saccharose  be  present,  this  same  treatment  gives  only  a  blue  colour  to 
the  cell  sap. 

Carbohydrates  are  transported  in  a  plant  principally  in  the  form  of 
glucose  ;  cane  sugar,  on  the  contrary,  is  stored  up  as  reserve  material ;  as 
for  example,  in  the  sugar-beet,  in  the  stems  of  sugar-cane,  and  in  other 
plants  from  which  the  sugar  of  economic  use  is  derived. 

Inulin,  a  carbohydrate  in  solution  in  cell  sap,  takes  the  place  of 
starch  in  many  orders  of  plants,  as,  for  example,  in  the  Compositae. 

Treated  w^ith  alcohol,  inulin  is  precipitated  in  the  form  of  small  granules,  Avhich 
may  be  redissolved  in  hot  water.  When  portions  of  plants  containing  much 
inulin,  such  as  the  root  tubers  of  Dahlia  variabilis,  are  placed  in  alcohol  or  dilute 
glycerine,  the  inulin  crystallises  out  and  forms  sphaerites,  spheroidal  bodies  com- 
posed of  radiating  crystal  needles  arranged  in  concentric  layers. 

AsPARAGiN  is  also  generally  ^H'esent  in  the  cell  sap. 

There  are  frequently  found  dissolved  in  the  cell  sap  tannins,  alkaloids, 
and  GLUCOSIDES,  such  as  coniferin,  hesperidin,  amygdalin,  solanin,  sesculin, 
saponin,  and  also  bitter  principles  related  to  the  glucosides.  It  is  also  often 
possible  to  detect  in  the  cell  sap  one  of  the  benzole  group,  phloroglucin,  which,  in 
the  presence  of  hydrochloric  acid,  stains  lignified  cell  walls  a  violet  colour.  Organic 
acids  are  also  of  frequent  occurrence  in  the  cell  sap  ;  thus,  malic  acid  is  usually 
present  in  the  leaves  of  the  succulents.  For  the  most  part,  these  organic  acids 
unite  with  bases,  and  the  salts  which  are  formed  often  crystallise.  Of  acid  salts, 
which  are  less  frequent  than  free  acids,  tlie  binoxalate  of  potassium  found  in 
Field  Sorrel  {Ruviex)  and  "Wood  Sorrel  (Oxalis)  deserves  special  mention. 

The  cell  sap  is  often  coloured,  principally  by  the  so-called  antho- 
CYANIN.  This  is  blue  in  an  alkaline,  and  red  in  an  acid  reacting  cell 
sap,  and,  under  certain  conditions,  also  dark  red,  violet,  dark-blue,  and 
even  black.  Blood-coloured  leaves,  such  as  those  of  the  Purple  Beech, 
owe  their  characteristic  appearance  to  the  united  presence  of  green 
chlorophyll  and  anthocyanin.  The  different  colours  of  flowers  are  due 
to  the  varying  colour  of  the  cell  sap,  to  the  different  distribution  of  the 
cells  containing  the  coloured  cell  sap,  and  also  to  the  different  combina- 
tions of  dissolved  colouring  matter  with  the  yellow,  yellowish  red,  or 
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red  chromoplasts  and  the  green  chloroj)lasts.  There  is  occasionally 
found  in  the  cell  sap  a  yellow  colouring  matter  known  as  xanthin  ; 
it  is  nearly  related  to  xanthophyll,  but  soluble  in  water.  The  cell 
sap  also  contains  inorganic  salts  in  solution,  particularly  nitrates, 
sulphates,  and  phosphates. 

The  Cell  Wall. — At  the  growing  points  of  plants  the  cells  are 
separated  from  one  another  only  by  extremely  thin  membranes  or  cell 
walls.  The  rapid  growth  in  length  which  sets  in  a  short  distance  from 
the  growing  point,  as  a  result  of  the  increase  in  the  size  of  the  cells, 
must  be  accompanied  by  a  corresponding  growth  in  surface  of  the 


Fig.  81.  — Strongly  thickened  cell 
from  the  pith  of  Clematis  vitalba. 
m,  Middle  lamella ;  i,  intercel- 
lular space ;  t,  pit ;  w,  pitted 
transverse  cell  wall.  (x300.) 


Fig,  82.— Fart  of  a  sclerenchy- 
inatous  fibre  from  Vinco 
major.  The  striations  of 
the  outer  layers  are  more 
apparent  than  those  of 
the  inner  layers.  The 
walls,  as  seen  in  optical 
section,  are  also  shown. 
(X  500.) 


cell  walls.  So  long  as  this  growth  in  surface  continues,  the  cell  walls 
remain  thin.  After  the  cells  have  attained  their  ultimate  size,  the 
GROWTH  IN  THICKNESS  of  the  Cell  walls  then  begins.  Such  thickened 
cell  walls  are  not,  in  most  cases,  homogeneous,  but  exhibit  a  stratified 
appearance  (Fig.  81),  owing  to  the  different  refractive  power  of  the 
thickening  layers.  Treated  with  caustic  potash,  these  different  layers 
appear  as  if  composed  of  still  thinner  lamella?.  In  many  cases  the  thick- 
ening layers  exhibit  delicate  striations  in  surface  view.  The  striations 
extend  through  the  whole  thickness  of  the  layers,  usually  running 
obliquely  to  the  long  axis  of  the  cell,  and  often  crossing  one  another 
in  the  different  thickening  layers  (Fig.  82). 

In  a  much-thickened  cell  wall,  owing  to  chemical  and  optical 
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differences,  there  can  frequently  be  distinguished  three  distinct  layers 
— a  primary,  a  secondary,  and  a  tertiary  thickening  layer.  These 
layers  are  deposited  on  the  primary  cell  wall,  which,  in  the  case  of 
cells  arising  from  cell  division,  is  represented  by  the  newl3r-formed 
partition  wall.  The  secondary  thickening  layer  is  usually  the  most 
strongly  developed,  and  forms  the  chief  part  of  the  cell  wall.  The 
tertiary  or  inner  layer  is  thinner  and  more  highly  refractive.  In 
special  cases,  but  only  in  the  formation  of  reproductive  cells,  an  inner 
thickening  layer,  completely  detached  from  the  others,  is  produced, 
as  in  the  formation  of  pollen  grains  and  spores,  which,  enclosed  only 


m 


Fig.  S3.— From  the  wood  of  the  Pine,  Pimis  sylvestris.  Fig.  84. — Cells  from  the  endo- 

A,  Bordered  pit,  in  surface  view  ;  B,  bordered  pit  in  sperm  of  Ornithogalvm  inn- 

tangential  section ;  t,  torus ;  C,  transverse  section  of  heUatum.    m,  Pits  in  surface 

a  tracheid  ;  ui,  middle  lamella,  with  gusset,        ;  view  ;  p,  closing  membrane ; 

/.  inner  peripheral  layer,    (x  540.)  Ji,  nucleus,    (x  240.) 


by  this  inner  membrane,  finally  become  freed  from  the  older  thickening 
layer.  This  process  is  often  alluded  to  as  Eejuvenescence  ;  in  such 
cases,  it  should  be  noted,  there  are,  in  reality,  no  new  cells  formed. 

The  thickening  of  the  cell  wall  seldom  takes  place  uniform^  over 
the  whole  surface ;  but  some  portions  are  thickened,  while,  at  other 
points,  the  original  or  primary  cell  wall  remains  unchanged.  In  this 
way  pores  are  formed  which  penetrate  the  thickening  layers.  These 
pores  or  pits  may  be  either  circular  (Fig.  84),  elliptical,  or  elongated. 
The  pits  in  adjoining  cells  converge,  and  would  form  one  continuous 
canal,  Avere  it  not  that  the  unthickened  primary  cell  wall  persists  as  a 
CLOSING  MEMBRANE  between  two  converging  pits.  As  a  result  of 
the  continued  thickening  of  the  cell  wall,  the  canals  of  several  pits 
often  unite,  and  so  branched  pits  are  formed.  Such  branched  pits 
have  usually  very  narrow  canals,  and  occur  for  the  most  part  only 
in  extremely  thick  and  hard  cell  walls,  as,  for  instance,  in  those  of 
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the  so-called  sclerotic  cells  or  sclereides.  Simple  pits  may,  on  the  other 
hand,  expand  on  approaching  the  primary  cell  wall. 

The  structures  known  as  bordered  pits  (Fig.  83)  are  but  a  special 
form  of  such  expanded  simple  pits.  In  bordered  pits  the  closing 
membrane  is  thickened  at  the  centre  to  form  a  torus  (Fig.  83,  C). 


pi  4^  I 
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I 
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1  W 
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i  .1 

Fig. 


85.  — Part  of  two 
sieve  -  tubes  of  the 
Pine,  Pinus  sylvestris, 
showing  sieve  -  pits. 
(X  540.) 


Fig.  S6.  —  .4,  Part  of  an  annular  tra- 
cheid  ;  B,  part  of  a  spiral  traeheid  : 
C,  longitudinal  section  through  part 
of  a  reticulate  vessel,  sliowing  perfor- 
ated partition  Avail,       (x  240.) 


By  the  curving  to  one  side  or  the  other  of  the  closing  membrane,  the 
torus  may  so  act  as  to  close  the  pit  canal  (Fig.  83,  B).    Bordered  pits 

are  only  formed  in  cells 
which  are  soon  to  lose 
their  living  contents  and 
thus  serve  merely  as 
channels  for  conducting 
water.  The  bordered  pits 
apparently  act  as  valves. 
Seen  from  the  surface  a 
bordered  pit  appears  as 
two  concentric  rings  (Fig. 
83,  A).  The  smaller, 
inner  ring  represents  the 
narrow  opening  of  the 

Fig.  ST.— Part  of  transverse  section  of  a  stem  of  Lnpatiens   P^^  ^^^^^  ^^^^  Cavity  ; 


imrvijlora.  e,  Epidermis  ;  c,  colleucliyma  ;  jJ,  thin-walled  the  larger, 
parenchymatous  cells  ;  i,  intercellular  space,    (x  300.) 


outer  ring- 
junction 


indicates  the 

of  the  wall  of  the  pit  chainiber  "vvith  the  primary  cell  wall. 

Very  large  pits  between  adjoining  living  cells  have  often  thin 
places  in  their  closing  membrane,  and  are  then  spoken  of  as  compound 
pits.    A  special  example  of  such  pits  is  afforded  by  the  sieve-pits,  in 
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which  the  closing  membrane,  in  that  case  called  the  SIEVE-PLATE,  is 
perforated  by  fine  openings  or  pores  (Fig.  85). 

In  cases  where  the  greater  part  of  the  cell  wall  remains  unthick- 
- ened,  it  is  characterised  rather  by 


Ficus  da&iim.  c,  Cystoiith ;  e,  e,  c,  triple-  thickened   (Fi^.    100).     Bv  the 


into  the  cell  cavity  are  formed  ;  in  this  way  the  formations  known 
as  CYSTOLITHS  arise. 

Certain  large  cells  in  the  leaves  of  the  Indiarubber  plant  {Ficus  elastica)  con- 
tain peculiar  clustered  bodies,  formed  by  the  thickening  of  the  cell  Avail  at  a  single 
point  (Fig.  88).  In  their  formation  a  stem-like  body  or  stalk  first  protrudes  from 
the  cell  wall ;  by  the  addition  of  freshly-deijosited  layers  this  becomes  club-shaped, 
and,  by  continued  irregular  deposits,  it  finally  attains  its  clustered  form. 

So  far  only  centripetal  wall  thickenings  have  been  described. 
Cells,  the  walls  of  which  are  centrifugally  thickened,  can  naturally  only 
occur  where  the  cell  walls  have  free  surfaces.  The  outer  walls  of 
hairs  generally  show  small  inequalities  and  projections.  The  surface 
walls  of  spores  and  pollen  grains  (Fig.  89)  show  a  great  variety  of  such 
centrifugally  developed  protuberances,  in  the  form  of  points,  ridges, 
reticulations,  and  bands  of  an  often  complicated  internal  structure. 

The  Origin  and  Growth  of  the  Cell  Wall. — The  cell  wall  is  a 
product  of  the  protoplasm.  When  a  previously  naked  protoplast,  as  a 
swarm-spore  of  an  Alga,  envelops  itself  with  a  cell  wall,  this  is 
effected,  as  is  now  generally  believed,  by  the  transformation  of  its 


a  description  of  its  thickened  than 
unthickened  portions  ;  it  is  in  this 
sense  that  the  terms  annular,  spiral, 
and  reticulate  are  used  (Fig.  86). 
Just  as  in  the  case  of  cells  with 
bordered  pits,  annular,  spiral,  and 
reticulate  cell  walls  are  only 
acquired  by  cells  that  soon  lose 
their  contents,  and  act  in  the 
capacity  of  water-carriers.  Such 
wall  thickenings  serve  as  mechani- 
cal supports,  to  give  rigidity  to 
the  cells,  and  to  enable  the  cell 
walls  to  withstand  the  pressure  of 
the  surrounding  cells.  Collen- 
CHYMATOUS  cells  are  living  cells, 
the  walls  of  which  are  thickened 
principally  at  the  corners  (Fig.  87). 
Cells  on  the  surface  of  plants 
have  usually  only  their  outer  walls 


Fig.  8S. — Part  of  transverse  section  of  a  leaf  of 


layered  epidermis  ;  'p,  palisade  parenchyma  ; 
s,  spongy  parenchyma,    (x  240.) 


thickening  of  cell  walls  at  special 
points,    protuberances  projecting 
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Fig.  89.  -.-1,  Polleii-graiii  of  Cucurbita  Pepo  in 
siirface  view,  and  i)artly  in  oi^tical  section, 
rendered  transparent  by  treating  witli  oil  of 
lemons  (x  240);  B,  part  of  transverse  section 
of  pollen  grain  of  C'i(tMr5 ito  verrucosa,    (x  540.) 


protoplasmic  membrane  into  a  cell  wall.  The  newly-formed  partition 
wall,  resulting  from  cell  division,  is  developed  from  the  cell  plate, 
which  is  also  of  cytoplasmic 
origin.  The  new  lamellae  of  a 
cell  wall  in  process  of  thicken- 
ing are  also  derived  from  the 
protoplasmic  membrane  of  the 
enclosed  cytoplasm. 

The  growth  in  thickness  of 
a  cell  wall  by  the  deposition  of 
successive  lamellae  is  termed 
GROWTH   BY  APPOSITION.  The 

growth  in  surface  of  cell  walls 
may,  in  many  cases,  be  attributed 
to  the  deposition  of  new  lamellae 
simultaneously  accompanying  the 
distension  of  the  old.  The  sub- 
sequent growth  in  thickness  of 
the  single  lamellae  of  the  cell  walls,  by  the  interpolation  of  new 
particles  of  cell-wall  substance  between  the  old,  is  designated  growth 

BY  intussusception. 

Cell  Wall  Substance. — The  transformation  of  the  cell  plate,  or  of 
the  protoplasmic  membrane  of  the  cytoplasm,  into  lamellae  of  the  cell 
wall,  is  accompanied  by  a  change  in  their  substance.  The  granules 
of  the  cell  plate  disappear  and  apparently  dissolve,  while  the  lamellae 
of  a  cell  wall  are  eventually  formed  from  the  solution.  Possibly  the 
lamellae  of  cell  walls  possess  a  crystalline  structure  similar  to  that  of 
starch  grains,  with  which  they  seem  to  correspond  in  many  structural 
peculiarities  and  in  the  double  refraction  of  their  layers. 

The  most  important  constituent  of  cell  walls  is  cellulose.  With 
the  exception  of  the  Fungi  it  is  present  in  the  cell  walls  of  all  plants. 

GiLSON  succeeded  in  obtaining  cellulose  in  a  state  of  crystallisation.  He  treated 
a  plant  section  for  a  time  with  cuprammonia,  then  Avashed  the  section  carefully 
with  ammonia  of  a  suitable  concentration,  and  afterwards  with  distilled  water. 
In  the  cells  of  sections  treated  in  this  manner  he  found  cellulose  crystals  in  the 
form  of  sphserites  or  dendrites.  Cellulose  is  a  carbohydrate  of  which  the  chemical 
composition  is  exjiressed  by  the  general  formula  (CgHifjOg)n.  It  is  insoluble  in 
either  dilute  acids  or  alkalies.  By  the  action  of  concentrated  sulphuric  acid  it 
is  converted  into  dextrose.  After  treatment  with  sulpliuric  or  phosphoric  acid, 
iodine  will  colour  it  blue  ;  it  shows  a  similar  reaction  when  exposed  to  the 
simultaneous  action  of  a  concentrated  solution  of  certain  salts,  such  as  zinc 
chloride  or  aluminium  chloride,  and  of  iodine.  Accordingly,  chloroiodide  of  zinc, 
on  account  of  the  blue  colour  imparted  by  it,  is  one  of  the  most  convenient  tests 
for  cellulose. 


The  cell  walls  never  consist  entirely  of  pure  cellulose,  but  contain 
a  considerable  amount  of  other  substances,  Avhich  are  not  stained  blue 
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by  chloroiodide  of  zinc.  In  unlignified  cell  walls  pectose  is  parti- 
cularly prominent.  It  is  easily  distinguished  by  the  readiness  with 
which  it  dissolves  in  alkalies,  after  being  previously  acted  upon  by  a 
dilute  acid. 

Susceptibility  to  certain  stains,  for  example  congo  red,  is  a  characteristic  of 
cellulose  ;  Avliile  other  stains,  such  as  safranin  and  methylene  blue,  colour  pectose 
more  deeply.  According  to  Maxgix,  the  partition  wall  formed  in  the  higher 
plants  during  cell  division  consists  almost  wholly  of  pectose  ;  the  next  developed 
laminae,  the  secondary  cell-wall  layer,  of  a  mixture  of  cellulose  and  pectose  ;  the 
last  formed,  or  tertiary  layer,  chiefly  of  cellulose.  If  the  secondary  layer  of  the 
cell  Avail  remain  unlignified,  the  amount  of  pectose  contained  in  it  increases  with 
age  and  helps  to  strengthen  the  middle  lamella,  or  primary  cell-wall  layer. 

Among  the  substances  entering  into  the  composition  of  cell  walls,  in  addition 
to  cellulose  and  pectose,  mention  must  be  made  of  callose.  It  is  characterised  by 
its  insolubility  in  cuprammonia  and  solubility  in  soda  solution,  and  in  a  cold 
1  per  cent  solution  of  caustic  potash.  It  is  coloured  a  red  brown  by  chloroiodide 
of  zinc,  with  aniline  blue  it  takes  an  intense  blue,  and  with  corallin  (rosolic  acid) 
a  brilliant  red.  Its  presence  in  the  higher  plants  is  limited  to  a  few  special  cases  ; 
it  envelops  the  sieve-pits  and  is  always  present  in  calcified  cell-wall  layers,  as,  for 
example,  in  cystoliths  (Fig.  88).  According  to  Maxgix,  callose  exists  in  the  cell 
walls  of  the  Fungi  and  Lichens,  generally  in  combination  Avith  cellulose,  or  more 
rarely  Avith  pectinaceous  substances.  GiLSON  asserts,  on  the  other  hand,  that  the 
cell  Avails  of  all  the  Fungi  that  he  has  thoroughly  investigated,  consist  of  a 
special  nitrogenous  substance,  Avhich  he  has  called  mycosix,  and  considers  that  it 
corresponds  to  animal  chitin.  This  chitin,  according  to  Gilson,  takes  the  same 
place  in  the  cell  Avails  of  the  Fungi  as  cellulose  in  the  cell  AA^alls  of  the  higher  plants. 
In  addition  to  chitin,  the  cell  Avails  of  Fungi  ahvays  contain  carbohydrates. 

Where  cell  walls  become  lignified  or  suberised,  it  is  particularly 
the  secondary  layer  that  receives  the  wood  or  cork  substance,  while 
the  tertiary  or  internal  layer  retains  its  cellulose  character. 

The  lignification  is  occasioned  by  the  deposition  in  the  cell  A\-all  of  certain 
substances,  among  which  are  ahvays  coniferin  and  vanillin.  It  is  tliese  tAvo 
substances  Avhicli  give  the  so-called  Avood  reactions, — a  violet  colour  Avith  phloro- 
glucin  and  hydrochloric  acid,  a  yelloAV  colour  AA'ith  anilin  sulphate.  With 
chloroiodide  of  zinc  a  lignified  cell  Avail  becomes  yelloAv,  not  blue. 

Suberised  cell  Avails  take  a  yelloAvish  broAvn  colour  AA'ith  chloroiodide  of  zinc  ; 
Avith  caustic  potash,  a  yelloAV.  Yax  Wisselixgh  has  lately  disputed  the  presence 
of  cellulose  in  suberised  cell  Avails,  and  regards  the  cork  substance  or  suberix  as 
a  fatty  body,  Avhich  is  composed  of  glycerine  esters  and  other  compound  esters,  as 
Avell  as  of  one  or  more  other  substances  Avhich  are  infusible,  insoluble  in  chloroform, 
and  decomposed  by  a  solution  of  caustic  potash. 

CuTiNiSATiON,  which  is  similar  to  but  not  identical  with  suberisa- 
tion,  is  usually  due  to  the  subsequent  deposition  of  cutin  in  cellulose 
cell  walls. 

Van  Wlsselingh  has  shoAvn  that  phellonic  acid,  Avhicli  is  ahvays  present  in 
suberin,  is  constantly  absent  in  cutin.     Cutin  Avithstands  better  the  action  of 
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caustic  potash.  In  other  respects,  the  reactions  given  by  cutinised  cell  walls  with 
chloroiodide  of  zinc  or  solutions  of  caustic  potash  are  almost  identical  with  those 
of  suberised  cell  walls. 

While  after  lignification  cell  walls  are  still  permeable  to  both 
water  and  gases,  suberisation  or  cutinisation  renders  them  impervious. 
Accordingly,  suberised  and  cutinised  cell  walls  are  found  especially  in 
the  surface  of  plants,  as  a  means  of  protection  and  preservation. 

The  layers  of  the  cell  walls  of  some  cells,  particularly  the  super- 
ficial cells  of  certain  fruits,  as  of  Sage,  and  of  numerous  seeds,  such  as 
Flax  and  Quince  seeds,  become  mucilaginous,  and  swell  in  water  to  a 
slime  or  vegetable  mucus,  which,  according  to  G.  Klebs,  serves  the 
purpose  of  attaching  the  seeds  to  the  soil.  The  internal  cells  of  some 
leguminous  seeds  with  a  mucilaginous  endosperm,  such  as  the  seeds  of 
the  Carob  tree  (Ceratonia  Siliqua),  have  similar  mucilaginous  layers, 
which  serve  as  reserve  substance.  Firm  cell  walls  can  also  be  trans- 
formed into  GUM,  as  is  so  often  apparent  in  Cherry  and  Acacia  trees, 
portions  of  whose  woody  cells  often  succumb  to  GUMMOSIS. 

The  several  varieties  of  gums  and  vegetable  mucus  react  differently,  accord- 
ing as  they  are  derived  from  cellulose,  callose,  pectose,  or  from  allied  substances. 
According  to  Mangin  they  may  be  niicrochemically  distinguished  by  their 
reaction  with  ruthenium  red,  which  stains  only  such  as  are  derived  from  pectose 
or  related  substances,  such  as  the  mucilage  of  the  seeds  of  the  Cruciferae  and 
Quince  {Cydonia),  the  mucus  cells  of  the  Malveae,  the  gums  of  the  Cherry  and 
Acacia,  the  gum  tragacanth  from  Astragalus  gummifer.  The  mucus  of  Orchid 
tubers,  on  the  other  hand,  is  related  to  cellulose,  and  remains  uncoloured  with  the 
same  reagent. 

The  cell  walls  of  the  seeds  of  many  Palms,  as  also  those  of  Ornithogalum 
(Fig.  84),  have  strongly  developed  thickening  layers,  which  are  full  of  pits.  These 
thickening  layers  are  lustrous  white,  and,  as  in  the  case  of  the  seeds  of  the  Palm, 
Phytelephas  macrocarpa,  may  attain  such  a  degree  of  hardness  as  to  be  technically 
valuable  as  vegetable  ivory.  Such  thickening  layers  may  contain  other  carbohyd- 
rates in  addition  to  cellulose;  thus  the  cell  walls  of  the  seeds  of  Tropaeolum  and 
Paeonia  contain  an  amyloid,  which  turns  blue  even  with  iodine  alone.  These 
thickening  layers  are  dissolved  during  germination,  and  are  accordingly  to  be 
considered  as  a  reserve  substance  of  the  seeds. 

Cell  walls  often  become  coloured  by  tannin  or  derivative  sub- 
stances ;  in  this  way,  for  instance,  the  dark  colour  is  produced  which 
is  often  seen  in  the  shells  of  seeds  and  in  old  wood.  The  colours  of 
the  woods  of  economic  value  are  due  to  such  discoloured  cell  walls. 
Inorganic  substances  are  often  deposited  in  large  quantities  in  old  cell 
walls.  Among  such  substances  calcium  oxalate  is  often  met  with, 
commonly  in  crystal  form ;  also  calcium  carbonate,  although  perhaps 
not  so  frequently.  In  the  cystoliths  of  Ficus  elastica  (Fig.  88)  so  much 
calcium  carbonate  is  deposited  that  it  effervesces  with  hydrochloric 
acid.  In  many  plants,  as,  for  instance,  most  of  the  Characeae,  the 
quantity  of  calcium  carbonate  in  their  cell  walls  is  so  great  as  to 

G 


82 


BOTANY 


PART  I 


render  them  stiff  and  brittle.  Silica  is  also  present  in  the  superficial 
cell  walls  of  the  Gramineae,  Equisetaceae,  and  many  other  plants. 

Cell  Forms. — As  cytoplasm  is  a  viscous  fluid,  and  would  tend,  if 
unimpeded,  to  take  a  spherical  shape,  it  may  be  assumed  that  the 
natural  and  primary  form  for  cells  is  spherical.  Such  a  shape,  how- 
ever, could  only  be  realised  by  cells  which,  in  their  living  condition, 
were  completely  free  and  unconfined,  or  in  such  as  were  able  to  ex- 
pand freely  in  all  directions.  Newly-developed  cells,  which  are  in 
intimate  union,  are,  at  first,  always  polygonal.  Through  subsequent 
growth  their  shape  may  change.  The  cubical  cells  of  the  growing 
point  either  elongate  to  a  prism  or  remain  short  and  tabular.    If  the 

growth  is  limited  to  certain  definite  points, 
and  is  regular,  they  become  stellate  ;  if  irre- 
gular, their  outline  is  correspondingly  un- 
symmetrical.  In  consequence  of  energetic 
growth  in  length,  fibre-like,  pointed  cells 
are  developed.  If  the  walls  of  such  cells 
become  much  thickened,  they  are  called 
SCLERENCHYMA  fibres  (Fig.  90,  A).  These 
show  diagonal  markings,  due  to  their  elon- 
i  ®  |y1  M  gated  pits,  which  are  generally  but  few  in 
\  \       ®       Ml       f'rS  When  fully  developed,  the  living 

contents  of  such  cells  are  small  in  amount  and 
frequently  they  contain  only  air.  In  the  last 
case,  they  merely  act  as  mechanical  supports 
for  the  other  parts  of  the  plant.  Cells  some- 
what similar,  but  shorter  and  considerably 
wider,  not  sharpened  at  the  ends,  and  pro- 
vided with  bordered  pits,  are  called  tra- 
CHEIDS  (Fig.  90,  B).  The  tracheids,  in 
their  fully  developed  condition,  never  have 
any  living  contents,  but  serve  as  water- 
carriers  for  the  plant.  So  long  as  they 
remain  active,  they  contain  only  water  and 
isolated  air-bubbles ;  their  active  functions 
afterwards  cease,  and  they  become  filled 
with  air.  Tracheids,  which  are  specially 
elongated,  and  at  the  same  time  have  only 
a  narrow  lumen,  and,  like  the  sclerenchy- 
matous  fibres,  serve  merely  mechanical 
purposes,  are  known  as  fibre  tracheids. 
Very  long  tracheids  with  a  wide  lumen  and  thin  walls,  functioning, 
like  typical  tracheids,  as  water-carriers,  are  distinguished  as  vasiform 
or  VASCULAR  TRACHEIDS.  They  are  characterised  by  the  annular,  spiral, 
or  reticulate  markings  of  their  thickening  layers,  and  may  also  be 
provided  with  bordered  pits. 


Fig.  90. — A,  A  sclerencliymatous 
fibre ;  B,  a  tracheid  ;  C,  part  of 
a  spiral  tracheid  ;  D,  part  of  a 
latex  tube.  {A,  B,  C,  x  100  ;  D, 
X  circa  150.) 
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The  thickening  layers  of  sclerenchyma  fibres  may  be  either  lignified  or  un- 
lignified  ;  those  of  tracheids  are  always  lignified.  The  characteristic  thickened 
walls  of  the  vasiform  tracheids  serve  to  sustain  the  pressure  of  the  surrounding 
living  cells. 

Of  all  the  cells  in  the  more  highly  organised  plants,  the  latex  cells 
or  milk  cells,  also  spoken  of  as  latex  tubes,  attain  the  greatest  length. 
In  the  Euphorhiaceae,  Urticaceae,  Apocyneae,  and  Asclejnadaceae  they  arise 
from  cells  which  are  already  differentiated  in  the  embryo.  Grow- 
ing as  the  embryo  grows,  they  branch  with  it  and  penetrate  all  its 
members,  and  may  thus  ultimately  become  many  metres  long.  The 
latex  cells  themselves  have,  for  the  most  part,  unthickened  smooth 
elastic  walls  which  give  a  cellulose  reaction.  They  are  provided  with 
a  peripheral  layer  of  living  cytoplasm  and  numerous  nuclei.  Their 
sap  is  a  milky,  usually  white  fluid,  which  contains  gum-resins,  i.e.  a 
mixture  of  gums  and  resins,  caoutchouc,  fat  and  wax  in  emulsion. 
In  addition,  they  sometimes  hold  in  solution  gums,  tannins,  often 
poisonous  alkaloids,  and  salts,  especially  calcium  malate,  also,  in  the 
case  of  Ficus  Carica  and  Carica  Papaya^  peptonising  ferments.  In  the 
latex  cells  of  the  Euphorhiaceae  there  are  also  present  in  the  latex 
peculiar  dumb-bell-shaped  starch  grains.  On  exposure  to  the  air  the 
milky  sap  quickly  coagulates.  In  the  adjoining  figure  (Fig.  90,  D) 
is  shown  a  portion  of  an  isolated  latex  cell  dissected  out  of  the  stem 
of  an  Asclepiadaceous  plant,  Ceropegia  stapelioides. 

Special  cells,  which  differ  in  form,  contents,  or  in  their  peculiar 
wall  thickenings  from  their  neighbouring  cells,  are  distinguished  as 
IDIOBLASTS.  If  strongly  thickened  and  lignified,  they  are  called  sclerotic 
cells  (stone  cells)  or  sclereids.  They  generally  contain  some  secreted 
substance.  In  a  previous  figure  (Fig.  80)  an  idioblast,  containing  a 
bundle  of  raphides,  is  represented.  Idioblasts,  resembling  tracheids 
and  functioning  as  water  reservoirs,  are  found  between  the  chlorophyll- 
containing  cells  in  the  leaves  of  some  of  the  Orchidaceae. 


Cell  Fusion 

Cell  fusion  occurs  much  less  frequently  in  plants  than  in  animals. 
Yet  in  all  sexually  differentiated  plants,  just  as  is  the  case  in  animals, 
fertilisation  depends  for  its  consummation  on  the  fusion  of  living  pro- 
toplasts. A  fusion  occurring  between  naked  cells  has  already  been 
noticed  in  describing  the  formation  of  a  plasmodium  by  the  Myxomy- 
cetes  (Fig.  52).  When  the  hyphse  of  Fungi  touch  one  another,  their 
walls  are  often  absorbed  at  the  point  of  contact,  and  the  living  contents 
of  two  different  hyphee  become  united.  In  higher  plants  a  similar 
fusion  takes  place  in  latex  vessels  and  in  sieve-vessels.  Latex  vessels 
have  the  same  structure  and  contents  as  latex  cells.  Their  occurrence, 
like  that  of  latex  cells,  is  limited  to  a  few  distinct  plant  families. 
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such  as  the  Papaveraceae,  of  which  the  Poppy  [Papaver)  or  Celandine 
{Chelidonium),  with  its  characteristic  orange-coloured  "  sap,"  are  familiar 
examples,  or  the  Compositae,  of  which  in  particular  the  Lettuce  (Laduca) 
may  be  cited.  Latex  vessels  are  distinguished  from  latex  cells  only 
by  the  method  of  their  development,  which  has  resulted  from  the 
fusion  of  rows  of  elongated  cells,  the  separating  transverse  walls  of  which 
have  become  more  or  less  completely  absorbed.  In  this  manner  a  net> 
work  of  latex  vessels,  such  as  that  in  the  Spanish  Salsify  {Scorzonem 
hispanica),  may  be  formed  (Fig.  91).  In  the  formation  of  the  sieve- 
vessels,  or  sieve-tubes  as  they  are  usually 
termed  (Fig.  92),  the  cell  fusion  is  much 
less  complete.  It  is  confined  to  fine  canals, 
which  perforate  the  cross-walls,  which  are 
known  as  sieve-plates.  The  cells  thus 
united  by  the  sieve-pores  remain  as  distinct 
segments  of  the  sieve-vessels.  It  is  worthy 
of  special  note  that,  despite  the  fact  that 
after  the  nuclei  of  the  different  sieve-tube 
segments  become  disintegrated,  their  cyto- 
plasm still  continues  living.  The  walls 
of  sieve -tubes  are  always  unlignified. 
Their  sap  cavities  contain  a  watery,  and 
more  or  less  diluted,  solution  of  albumin- 
ous substances,  which,  by  means  of  the 
pores  of  the  sieve-plates,  may  pass  from 
one  segment  of  the  sieve-tube  to  another. 
As  a  rule,  small  starch  grains  may  also 
be  found  in  the  sieve-tubes.  The  pores 
of  the  sieve -plates   never  attain  great 


I. — Tangential  section  through  .  rv n    t-a  i 

:  periphery  of  the  stem  of  dimensions  (Fig.  92,  B,  D),  and  are  gener- 


ticulately  united  latex  vessels. 
(X  240.) 


Fig.  91. 

the  periphery 

Scorzonera  Mspanica,  showing  re-  ally  extremely  small.  Sieve-plates  are 
sometimes  found  also  in  the  lateral  walls 
of  the  sieve-tubes,  and  the  sieve-pits  per- 
mit communication  between  adjoining  sieve-tubes.  Such  lateral  sieve- 
plates  are  frequent  in  the  Conifers  (Figs.  85,  93).  As  a  rule,  sieve- 
tubes  only  remain  functional  for  a  short  time.  After  their  activity 
ceases,  the  sieve-plates  become  invested  with  the  strongly  refractive 
CALLUS-PLATES  (Figs.  92  C,  93  £)  already  referred  to  (p.  80)  in  dis- 
cussing callose. 

A  cell  fusion  also  takes  place  in  the  formation  of  vessels  or 
TRACHE.E,  but  it  should  not  be  considered  as  a  union  between  living 
cell  bodies,  but  merely  as  one  between  cell  cavities.  The  vessels  are 
formed  by  the  absorption  of  the  transverse  walls  of  rows  of  cells, 
the  lateral  walls  of  which  are  peculiarly  marked  by  spiral  or  reticulate 
thickenings,  or,  as  is  more  frequently  the  case,  by  bordered  pits.  In 
cases  where  the  transverse  walls  are  at  right  angles  to  the  side  walls, 
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they  usually  become  perforated  by  a  single  round  oj^ening  while  the 
rest  of  the  wall  remains  as  a  thickening  ring  (Fig.  86,  C).  When  the 
transverse  walls  are  oblique,  they  are  then  perforated  by  several  open- 
ings, between  which  portions  of  the  wall  remain,  like  rungs  of  a  ladder 
(Fig.  94,  q).  According  to  the  mode  of  their  wall  thickening,  vessels 
are  distinguished  as  spiral,  reticulate,  or  pitted.  When  the  trans- 
versely-elongated pits  of  a  vessel  are  arranged  in  more  or  less  parallel 
rows  (Fig.  94),  it  is  called  a  scalariform  vessel.  The  thickening  of 
the  vessel  walls  is  always  lignified.    The  living  contents  of  the  cells, 


Fig.  92. — Parts  of  sieve-tubes  of  Cncurbita  Pepo,  hardened  in  alcohol.  A,  Surface  view  of  a  sieve- 
plate  ;  B,  C,  longitixdinal  sections,  showing  segments  of  sieve-tubes  ;  D,  contents  of  two  sieve- 
tube  segments,  after  treatment  with  sulphuric  acid ;  s,  companion  cells  ;  u,  albuminous  con- 
tents ;  pr,  peripheral  cytoplasm  ;  c,  callus-plate  ;  c*,  small,  lateral  sieve-pit,  with  callus-plate. 
(X  540.) 


after  the  perforation  of  the  transverse  walls,  become  completely 
absorbed,  and  the  fully-formed  vessels  or  tracheae  contain  only  water 
and  a  limited  amount  of  air. 

There  is  no  difference  between  vasiform  tracheids  and  vessels  other  than  that 
the  former  are  single  elongated  cells,  and  the  latter  fused  cell  rows.  Generally 
speaking,  tracheids  are  formed  in  parts  of  plants  still  in  process  of  elongation, 
vessels  in  parts  where  growth  in  length  has  already  ceased.  True  vessels  make 
their  first  appearance  in  some  of  the  Ferns,  for  instance,  in  the  common  Bracken 
{Pteris  aquilina).  In  the  main,  despite  the  name  Vascular  Cryptogams,  Ferns 
have  only  vasiform  tracheids.  Even  in  the  Gymnosperms  the  Gnetaceae  are  the 
only  family  regularly  provided  with  vessels.  It  is  in  the  Angiosperms  that  vessels 
first  become  of  frequent  occurrence.  Vessels  are  not  of  an  unlimited  length.  A 
few  plants  however,  such  as  the  Oak,  and  especially  climbing  woody  plants,  as  the 
Lianes,  have  vessels  several  metres  long  ;  but,  as  a  rule,  their  length  is  not  more 
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than  a  metre,  and  in  plants  the  woody  portion  of  which  conducts  water  only  by 
vessels,  the  vessels  have  an  average  length  of  only  ten  centimetres.    The  length  of 


an  individual  vessel  is  defined  by  the  jDresence  of  transverse  walls,  which  are  not 
perforated  except  by  bordered  pits. 


A  continuous  aggregation  of  cells  in  intimate  union  is  called  a 
tissue.  The  origin  of  vegetable  tissues  is,  in  general,  attributable  to 
cell  division.  It  is  only  in  the  Fungi  and  Sijjhoneae  that  a  tissue 
arises  through  the  interweaving  of  tubular  cells  or  cell  filaments  (Figs. 
95,  96).  In  such  cases,  where  the  filaments  are  so  closely  inter- 
woven as  to  form  a  compact  mass  of  cells,  the  apparent  tissue  thus 
formed  has  the  same  appearance  as  the  tissues  of  higher  plants 
(Figs.  97,  98). 

The  mutual  interdependence  of  the  cells  of  a  tissue  is  manifested 
both  by  the  conjunction  of  their  pits  (Figs.  81,  83,  84),  and  by  the 
general  similarity  of  their  wall  thickenings. 

The  PROTOPLASTS  OF  MOST  CELLS  AKE  DIRECTLY  CONNECTED  WITH 
ONE    ANOTHER    BY   MEANS    OF   EXTREMELY    DELICATE    THREADS  OF 


Fig.  93. —Part  of  the  wall  of  sieve- 
tubes  of  Pinus  sylvestris,  in  tan- 
gential section,  after  treatment 
with  chloroiodide  of  zinc  ;  A,  be- 
fore, B,  after  formation  of  the 
callns-plate  ;  C,  portion  of  a  sieve- 
tube  no  longer  in  activity.  (  x  540.) 


Fig.  94.— Lower  third  of  a  scalari- 
form  vessel  from  the  rhizome  of 
the  common  Bracken  Fern, 
Pteris  aquilina.  t,  Transversely- 
elongated  pits  in  the  lateral 
walls ;  q,  scalariform  perfora- 
tions of  the  terminal  wall.  (After 
De  Bary,  X  95.) 


Tissues 


SECT.  I 


MORPHOLOGY 


87 


CYTOPLASiNL  These  cytoplasmic  threads  penetrate  the  cell  walls,  and 
in  particular  the  partition  membranes  of  their  pits  (Fig.  99).  It  may- 
be inferred  that  the  conduction  of  stimuli 
from  one  cell  to  another  is  carried  on  by 
means  of  these  cytoplasmic  connections. 
Viewed  thus,  the  whole  plant  becomes  a 
living  unit.  Between  cells  having  such 
cytoplasmic  connections  and  a  fusion  of 
cells,  such  as  a  sieve-tube,  there  is  little 
distinction.  In  this  sense  a  whole  plant 
forms  a  single  cell  fusion,  although  incom- 
plete and  limited  by  cell  walls. 

The  cells  in  a  tissue  may  either  fit 
closely  together,  leaving  no  openings  or 
spaces,  or  so-called  intercellular  spaces 
(iNTERCELLULARs)  may  be  left  between 
the  individual  cells. 

Where  cell  filaments  are  interwoven  fig.  95.— Longitudinal  section  of 
into  a  tissue,  their  intercellular  spaces  are      the  stalk  of  the  fructification  of 

.IT,!  .  1  Ti.   u  i.  Boletus  eduUs.    (x  300.) 

represented  by  the  openings  leit  between 

the  loosely-intertwined  filaments  (Figs.  95,  96).  In  tissues  resulting 
from  cell  division  the  intercellular  spaces  arise  subsequently,  as  the 


Fig.  96. — Transverse   sec-  Fig.   97.  —  Longitudinal  sec-  Fig.  98.— Transverse  section  of 

tion  of  the  stalk  of  the  tion  of  the  sclerotiuni  of  the  sclerotiuin  of  Claviceps 

fructification  of  iJoZeiMs  Clavicepspiirpiirca.  (xBOO.)  purpurea,   (x  300.) 
edulis.    (X  300.) 


partition  wall  between  two  cells  formed  by  cell  division  originally 
belonged  to  both  mutually. 

Such  a  partition  wall  may  ultimately  split  and  so  give  rise  to  intercellular 
spaces,  but  this  only  occurs  after  it  has  been  thickened.  The  cause  of  such 
■splitting  is  to  be  found  in  the  hydrostatic  pressure  existing  within  the  cells,  and 
their  consequent  tendency  to  assume  a  spherical  shape.  The  formation  of  inter- 
cellular spaces  commences,  therefore,  at  the  cell  corners,  where  the  j)i'iniary  wall, 
consisting  of  pectinose  material,  becomes  swollen. 

The  simplest  and  at  the  same  time  most  frequent  intercellular 
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spaces  are  triangular  or  quadrangular  in  outline,  as  seen  in  cross- 
section  (Figs.  81  i,  87  i).  In  cases  where  special  portions  of  adjoin- 
ing cells  are  in  extremel}"  energetic  growth,  intercellular  chambers  and 
passages,  of  more  or  less  irregular  shape,  may  be  formed  between 
them.  If  the  growth  of  adjoining  cells  is  very  unequal,  it  may  lead 
to  a  complete  separation  of  their  cell  walls ; 
or  the  cells,  or  even  a  whole  system  of 
tissues,  may  be  stretched  and  torn  apart. 
It  is  by  such  a  process  that  hollow  stems 
are  formed.  Intercellular  spaces  arising  from 
a  splitting  of  adjoining  cell  walls  are  accord- 
ingly termed  SCHIZOGENIC  ;  those  formed  by 
tearing  or  dissolution  of  the  cells  themselves 
are  called  lysigenic  intercellular  spaces. 
Most  intercellular  spaces  contain  only  air, 
although  in  special  instances  they  may  con- 
tain water  or  excreted  products,  such  as 
gum,  mucilage,  resin,  or  ethereal  oils,  and  in 
other  less  frequent  cases  latex.  Schizogenic 
intercellular  spaces  are  usually  filled  with 
air,  while  the  lysigenic  spaces  contain  almost 
always  either  water  or  excretion  products. 


Fig.  99.  —  Longitudinal  section 
of  the  cortical  cells  of  Nerinm 
Oleander,  after  treatment  Avitli 
chloroiodide  of  zinc  and  me- 
thylene blue  to  show  the  cyto- 
plasmic connection  between 
the  cells.  (After  Kienitz- 
Gerloff,  X  900.) 


Of  the  schizogenic  intercellular  spaces,  those  filled 
Avith  ethereal  oils  or  resin,  on  account  of  their 
frequency,  should  be  particularly  noticed.  Short 
cavities  and  longer  passages,  or  ducts,  containing 
ethereal  oils,  are  to  be  found  in  the  stems,  roots, 
and  leaves  of  numerous  plant  families.  The  Umhelliferae  are  especially  rich  in 
these,  and  the  oil-ducts  form  the  characteristic  markings  (vittse)  on  their 
fruits.  The  Conifers  are  especiall}^  characterised  by  resin-ducts  (Fig.  139,  h), 
which,  even  during  their  formation  by  the  separation  of  the  cell  walls,  seem  to  fill 
with  an  excretion  from  the  cells.  The  enlargement  of  such  intercellular  spaces 
is  accompanied  by  a  division  of  the  surrounding  cells,  the  number  of  which  is  thus 
corresj)ondingly  increased.  The  cells  themselves  remain  thin-Avalled,  and  in  close 
contact,  but  bulge  out  somewhat  into  the  ducts.  Lysigenic  intercellular  spaces, 
acting  as  receptacles  for  secretions,  have  the  appearance  of  irregular  cavities  in  the 
tissue.  Where  they  contain  oil  or  resin,  they  develop  from  a  group  of  cells  in  which 
these  substances  apjDear  in  the  form  of  drops.  The  cell  group  then  becomes  dis- 
organised by  the  gradual  absorption  of  the  cell  walls,  beginning  with  those  of  the 
cells  in  the  centre  of  the  group.  In  this  way  are  formed  the  receptacles  filled  with 
ethereal  oils,  as,  for  example,  those  in  Dictamnus  {Rutaceae),  (Fig.  116),  and  in 
Aurantieae,  as  in  the  Orange  and  Lemon.  The  exudation  of  resin,  in  the  case 
of  coniferous  trees,  is  preceded  by  the  formation  of  abnormal  tissues,  which  after- 
wards become  converted  into  resin.  Such  was  also  the  origin  of  amber,  which  is 
the  fossil  resin  of  the  Amber-fir  {Picea  succinifera).  The  formation  of  gum  in 
lysigenic  gum  cavities  is  due  to  the  modification  of  the  cell  walls,  and  either 
normal  tissues  participate  in  this  process,  as  in  the  case  of  the  gum-arabic  of 
the  Acacia,  or  abnormal  tissues  are  first  developed  and  then  transformed  into 
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gum,  as,  for  example,  the  gum  on  Cherry  trees.  Latex  does  not  occur  in  lysigenic 
intercellular  spaces. 

The  separating  walls  resulting  from  cell  division  are  simple  lamellae.  That 
part  of  the  partition  wall  between  two  cells  which  stands  out  so  distinctly  in 
a  cross-section  does  not  consist  of  the  original  primary  cell  wall  alone.  It  is 
made  up  of  both  the  primary  wall  and  the  primary  thickening  layers,  and  is  called 
the  MIDDLE  LAMELLA  (Figs.  81  m,  83  m).  In  soft  tissues  the  middle  lamella, 
according  to  Mangin,  is  composed  of  pectose  combined  Avith  calcium  (calcium 
pectate)  ;  in  woody  and  corky  tissues  it  has  the  same  composition,  but  is  also 
lignified.  By  boiling  soft  tissues  in  Avater,  the  cells  may  often  be  easily  isolated 
through  the  consequent  swelling  and  dissolution  of  the  middle  lamella.  In  ripe 
fruit,  an  isolation  of  the  cells  frequently  takes  place  spontaneously,  through  the 
dissolution  of  the  middle  lamella.  A  lignified  middle  lamella,  on  the  other  hand, 
seems  able  to  withstand  more  effectually  the  action  of  oxidising  agents.  Conse- 
quently, it  is  possible,  by  subjecting  a  section  of  pine -wood  to  the  action  of 
Schulze's  macerating  mixture  (potassium  chlorate  and  nitric  acid),  and  subse- 
quently treating  Avith  concentrated  sulphuric  acid,  to  remove  all  secondary  and 
tertiary  thickening  layers,  so  that  only  the  middle  lamellse  remain  as  a  delicate 
network.  If  the  macerating  process  be  continued  for  a  longer  time,  without  the 
subsequent  treatment  with  sulphuric  acid,  the  middle  lamellae  become  finally  dis- 
solved. The  thickening  layer  Avill  then  be  left  free  from  all  lignification,  and  Avill 
in  that  condition  give  the  blue  cellulose  reaction  Avith  chloroiodide  of  zinc  (p.  80). 
Schulze's  macerating  method  may  accordingly  be  employed  to  isolate  the  elements 
of  lignified  tissues.  The  inexplicable  attitude  of  the  middle  lamella  towards 
chemical  reagents  gave  rise  at  one  time  to  the  presumption  of  a  peculiar  inter- 
cellular substance  which,  like  a  glue,  bound  together  the  cells  of  a  vegetable 
tissue.  The  supplementary  deposition  of  pectose  in  the  middle  lamellae  (p.  80) 
frequently  gives  rise  to  the  formation  of  rod -like  protuberances  and  excrescences, 
which  project  into  the  intercellular  spaces,  or  these  spaces  may  be  filled  up  by  the 
formation  of  gussets  (Fig.  83,  C,  m*).  The  yelloAvish  broAvn  colour  assumed  by  the 
pectose  deposited  on  the  Avails  of  intercellular  spaces,  on  treatment  Avith  chloroiodide 
of  zinc,  led  to  the  erroneous  supposition  that  the  intercellular  spaces  in  plants  were 
lined  by  a  thin  layer  of  living  cytoplasm. 

Vegetable  tissues  may  be  divided  into  two  groups,  parenchyma 
and  PROSENCHYMA,  between  which,  however,  no  sharp  distinction 
can  be  made.  A  typically  developed  parenchymatous  tissue  is  one  in 
which  the  thin-Avalled  cells  are  equally  expanded  in  all  directions,  and 
are,  for  the  most  part,  rich  in  protoplasm.  Typical  prosenchymatous 
tissue,  on  the  other  hand,  consists  of  thick-walled,  elongated  cells,  either 
in  the  form  of  fibres  or  spindle-shaped  cells,  with  interlocking,  pointed 
ends,  and  Avith  little  or  no  protoplasmic  contents.  A  parenchymatous 
tissue,  in  which  the  cells  are  thick-walled  and  elongated,  resembles  pros- 
enchyma,  but  may  be  distinguished  from  it  by  the  absence  of  pointed 
cell  terminations,  and  especially  by  the  greater  abundance  of  protoplasm. 
Thin-walled  prosenchyma  is  not,  on  the  other  hand,  necessarily  lacking 
in  protoplasm,  but  is  characterised  by  its  pointed  and  interlocking  cells. 

An  undifferentiated  tissue,  the  cells  of  which  are  still  capable  of 
division,  is  termed  embryonic  tissue,  or  meristem.  The  meristem  of 
embryonic  rudiments  and  of  the  growing  point  is  called  promeristem, 
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and  all  meristematic  tissue  which  can  be  shown  to  have  been  developed 
directly  from  such  promeristem  is  termed  primary.  A  primary 
meristem,  in  the  midst  of  a  completely  developed  tissue,  may  still  retain 
its  meristematic  character.  Fully  differentiated  tissue  is  designated 
PERMANENT  tissue  in  contrast  to  meristematic  tissue.  At  times,  per- 
manent tissue  may  again  become  capable  of  division,  and  in  that  con- 
dition is  called  secondary  meristem. 


Tissue  Systems 

A  mass  of  tissue  so  united  in  the  body  of  a  plant  as  to  form  a 
distinct  histological  unit  constitutes  a  tissue  system.  In  the  more 
highly  organised  plants  three  such  systems  may  be  distinguished — the 
tegumentary  system,  the  vascular  bundle  system,  and  the 
fundamental  tissue  system. 

The  tissues  which  make  up  the  different  tissue  systems  are  dis- 
tinguished as  PRIMARY  and  SECONDARY,  according  as  they  are  derived 
from  the  promeristem  or  secondary  meristem. 

The  PRIMARY  TISSUES  of  the  tissue  systems  will  be  considered  first. 

The  Primary  Tissues 

The  Tegumentary  System. — InthePteridophytes  and  Phanerogams 
the  plant  body  is  covered  by  a  distinct  outer  tegument  or  epidermis. 
On  the  inside,  the  epidermis,  which  is  usually  composed  of  but  a  single 
layer  of  cells  (Fig.  87,  e),  is  sharply  marked  off  from  the  adjoining 
tissue,  while  on  the  outside  it  is  much  thickened.  This  is  especially 
the  case  in  all  aerial  parts  of  plants  adapted  for  a  long  life,  but  on  the 
more  perishable  parts  of  a  plant,  such  as  the  floral  leaves,  or  on  those 
parts  more  protected,  as  the  root,  the  cells  of  the  epidermal  layer  are 
generally  thin -walled  or  only  slightly  thickened.  Even  when  the 
external  walls  of  the  epidermal  cells  are  considerably  thickened,  the 
side  walls,  at  least  in  part,  remain  unthickened.  The  external  walls 
are  also  more  or  less  cuticularised,  while  their  outermost  layer,  which 
is  more  decidedly  cuticularised  and  capable  of  withstanding  even  the 
action  of  concentrated  sulphuric  acid,  extends  as  a  CUTICLE  continuously 
over  the  surface  of  the  epidermis.  The  cuticle  has  its  origin  in  the 
primary  walls  of  the  younger  epidermal  cells,  which,  during  the  increase 
in  size  of  the  plant,  become  very  much  distended  and  at  the  same 
time  strengthened  by  the  deposition  of  cutin.  The  cuticle  frequently 
becomes  folded,  and  so  assumes  a  striped  appearance  (Fig.  107). 
Plants  in  dry  climates,  or  so  situated  that,  for  any  reason,  transpiration 
from  their  outer  surfaces  must  be  diminished,  are  characterised  by 
the  extraordinarily  thickened  and  cuticularised  walls  of  their  epi- 
dermal cells.    In  some  of  the  Gmmiiieae,  Equisetaceae,  and  many  other 
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plants,  the  cell  walls  of  the  epidermis  are  silicified.  In  the  Equisetaceae 
the  impregnation  with  silica  is  so  considerable  that  these  plants  are 
used  for  polishing.  Heating,  even  to  redness,  does  not  destroy  the 
structure  of  such  silicified  epidermal  cells. 

Deposits  of  wax,  as  De  Bary  has  shown,  are  also  present  in 
the  cutinised  layers  of  the  epidermis,  and  consequently  water  will 
flow  off  the  epidermis  without  wetting  it.  The  wax  is  sometimes 
spread  over  the  surface  of  the  cuticle  as  a  wax  covering.  This  is  the 
case  in  most  fruits,  where,  as  is  so  noticeable  on  plums,  it  forms  the 
so-called  bloom.  The  wax  coverings  may  consist  of  grains,  small  rods, 
or  crusts. 

On  the  nodes  of  many  Gramincae  the  rod-shaped  wax  bodies  have  a  consider- 
able length  (Fig.  100).    The  wax  deposits  attain  their  greatest  thickness  on  the 


Fig.  100. — Transverse  section  of  a  node  of  the  sugar-cane,  Saccharnvi  officinarum,  showing  wax 
incrustation  in  the  form  of  small  rods,    (x  540.) 

leaves  of  some  of  the  Palms  ;  on  the  Peruvian  "Wax  Palm,  Ceroxyloii  aiulicola,  the 
wax  covering  is  more  than  5  mm.  thick.  This  wax,  as  well  as  that  obtained  from 
the  fruit  of  Myrica  cerifera,  is  known  as  vegetable  wax,  and  possesses  an  economic 
value.  The  wax  incrustations  may  be  melted  by  heat ;  they  are  soluble  in  ether 
and  in  hot  alcohol.  In  many  cases,  in  place  of  the  Avax  coverings,  small  grains  and 
scales  of  a  fat-like  substance,  which  is  soluble  even  in  cold  alcohol,  are  excreted 
from  the  hairy  surface  of  the  epidermis.  The  dusty  coverings  thus  formed  appear 
either  mealy  white  or  golden  yellow,  and  are  the  cause  of  the  striking  appearance 
of  the  Gold  and  Silver  Ferns,  especially  in  species  of  Gy  mnogrammc. 

In  many  Ferns  groups  of  slightly  thickened,  epidermal  cells  are 
distributed  over  the  leaves.  These  cells  are  richly  supplied  with 
contents,  and  exude  drops  of  watery  fluid.  Cells  of  this  nature,  which 
thus  serve  the  purpose  of  exuding  or,  at  other  times,  of  absorbing 
water,  have  been  termed  hydathodes  by  Haberlandt.  In  many 
other  cases,  slimy  or  sticky  excretions  are  produced  between  the 
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thickening  layers  of  the  epidermis  and  the  cuticle,  which  press  up 
the  latter  and  finally  burst  it.  Such  excreting  surfaces  often  occur 
inside  buds.  Sticky  zones  are  frequently  formed  on  stems,  as  in  the 
case  of  Lychnis  viscaria  and  other  Sileneae,  as  a  means  of  protection  to 
the  buds  higher  on  the  stem  from  undesirable  visitors.  Small  creep- 
ing insects,  which  would  otherwise  rob  the  flowers  of  their  honey, 
seem  as  little  able  to  pass  beyond  such  a  sticky  zone,  as  other  larger 
animals  to  surmount  the  rings  of  tar  often  placed  around  the  trunks 
of  trees  for  a  similar  protective  purpose.  Excreting  epidermal  surfaces 
form  also  the  nectaries  of  flowers,  which  by  means  of  their  sweet 
secretions  lure  such  animals,  generally  insects,  as  are  instrumental  in 
their  pollination. 

The  cells  of  the  epidermis  are  in  uninterrupted  contact  with  each 
other,  and  the  general  firmness  of  the  whole  epidermis  is  also  greatly 
enhanced  by  their  undulating  side  walls  (Fig.  101).    In  plants  with 


Fig.  101. — Surface  view  of  the  epidermis         Fig.  102. — Surface  view  of  the  epidermis  from 
from  the  upper  side  of  a  leaf  of  Mercuri-  the  under  side  of  a  leaf  of  Impatiens  parvi- 

alis  2)erennu.   (x  300.)  /om,  showing  stomata.    (x  160.) 


special  land  and  water  forms,  as  Ranunculus,  the  epidermal  cells  of  the 
land  form  alone  have  the  undulating  side  walls.  In  the  delicate 
epidermal  cells  of  flowers,  ridges  projecting  into  the  interior  of  the 
cells  are  frequently  formed  on  the  inner  side  of  their  side  walls 
(Fig.  107).  The  protoplasm  of  epidermal  cells  generally  appears  to 
be  reduced  to  a  thin,  peripheral  layer,  and  the  sap  cavities  filled  with 
colourless  sap.  Around  their  nuclei  cluster  the  colourless  rudiments 
of  the  undeveloped  chromatophores,  showing  that,  although  ex- 
posed to  the  light,  their  further  development  may  cease  in  cells  not 
destined  to  take  part  in  the  assimilatory  processes.  Such  epidermal 
cells  with  undeveloped  chromatophores,  besides  acting  as  an  external 
protection,  serve  as  water-reservoirs ;  their  side  walls,  by  means  of 
folds  in  the  unthickened  parts,  can  expand  and  collapse  as  a  bellows, 
according  to  the  variations  in  their  supply  of  water.  In  the  Ferns 
and  also  in  several  families  of  the  Phanerogams  the  division  of 
labour  between  the  epidermis  and  the  adjoining  tissue  is  not  so 
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strictly  carried  out,  and  the  epidermal  cells  contain  chloroplasts.  The 
epidermis  of  Impatiens  parviflora  (Fig.  102)  has  tolerably  large  but 
only  slightly  green  chromatophores,  and  thus  occupies  an  intermediate 
position  between  the  two  extremes.  The  cell  sap  of  epidermal  cells  is 
often  coloured  red ;  in  many  cases  it  has  been  demonstrated  that 
plants  thus  acquire  a  protection  from  excessive  illumination. 

The  formation  of  stomata  in  the  epidermis  is  characteristic  of  all 
parts  of  the  more  highly-developed  plants  which  are  exposed  to  the 
air.  Each  stoma  thus  forms  an  intercellular  passage  perforating  the 
epidermis  and  bounded  by  tw^o  elliptical  epidermal  cells,  termed  guard- 
cells  (Figs.  103  A,  104  A).    The  guard  cells  ahvays  contain  chloro- 


FiG.  103. — Epidermis  from  the  under  side  of  a  leaf  of  Iris florentina.    A,  In  surface  view;  B,  in 
transverse  section  ;  /,  vestibule  ;  5,  opening  ;  c,  cuticle  ;  a,  respiratory  cavity,   (x  -240.) 

plasts,  and  are  also  characterised  by  their  peculiarly  thickened  walls, 
which  form  ridge-like  protuberances  projecting  above  and  below  from 
the  sides  of  the  guard-cells  adjoining  the  air-passage  (Figs.  103  B, 
104  B).  Midway  between  the  projecting  ridges,  on  the  other  hand, 
the  walls  of  the  guard-cells  remain  unthickened  (Fig.  105). 

The  guard-cells  themselves  jut  out  into  the  air-passage  (Figs,  103  B,  104  B, 
105),  and  thus  facilitate  its  closing.  In  addition,  the  external  thickened  walls  of 
the  two  adjacent  epidermal  cells  become,  in  some  cases,  suddenly  narrowed  on 
approaching  the  guard-cells  (Figs.  103  B,  105).  By  this  means  a  hinge-like  con- 
nection is  formed  which  renders  the  guard-cells  independent  of  the  other  epidermal 
cells.  At  other  times  this  same  result  is  accomplished  by  raising  the  stomata 
above  the  epidermis,  or,  which  has  the  same  effect,  by  sinking  them  below  the 
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thickened  epidermal  walls.  Frequently  the  epidermal  cells  adjoining  the  guard - 
cells  are  less  thickened  or  lower  than  the  other  cells  of  the  epidermis  (Fig.  104). 
Such  special  epidermal  cells  are  called  subsidiary  cells. 

The  stomata  are  formed  by  the  division  of  a  young  epidermal  cell  into  two  cells 


Fig.  104.— Epidermis  from  the  under  side  of  a  leaf  of  Tradescantia  virginica.  A,  In  surface  view  ; 
J3,  in  transverse  section  ;  I,  colourless  rudiments  of  chromatophores  surrounding  the  nucleus, 
(x  240.) 

of  unequal  size,  one  of  which,  the  smaller  and  more  abundantly  supplied  with 
protoplasm,  becomes  the  stoma  mother -cell;  while  the  larger,  containing  less 
protoplasm,  usually  continues  as  an  epidermal  cell.     The  stoma  mother -cell 


Fig.  105. — Transverse  section  of  the  epidermis  of  Aloe  nigricans, 
i,  Inner,  uncutinised  thickening  layer.    ( x  240.) 


becomes  elliptical  in  outline  and  divides  again,  by  a  vertical  wall,  into  the  two 
guard-cells,  between  which,  by  a  sjilitting  of  the  wall,  the  intercellular  passage 
is  formed.  Before  the  formation  of  the  definitive  stoma  mother-cell,  successive 
divisions  of  the  young  epidermal  cell  often  occur ;  in  such  cases  the  finally 
developed  stoma  is  generally  surrounded  by  subsidiary  cells. 

Stomata  are  chiefly  developed  on  the  green  parts  of  plants,  but  are 
sometimes  found  even  on  the  coloured  floral  leaves.  They  are  natur- 
ally found  in  greatest  numbers  on  the  leaves,  as  it  is  there  that  they  are 
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most  needed  to  facilitate  the  interchange  of  gases  necessitated  by  the 
processes  of  assimilation.  In  dorsiventral  leaves  the  stomata  occur,  for 
the  most  part,  if  not  exclusively,  on  the  under  surface,  and  average 
about  100  to  the  square  millimetre,  although  in  some  plants  their 
number  may  reach  700.  Leaves  which  are  alike  on  both  sides 
have  their  stomata  ec[ually  distributed  on  their  upper  and  under 
surfaces.  Floating  leaves  of  aquatic  plants  have  stomata  only  on  the 
side  exposed  to  the  air.  In  some  cases,  as  in  the  Oleander  (Xeriinn 
Oleande?'),  several  stomata  are  situated  together  in  depressions 
in  the  under  surfaces  of  the  leaves.  In  the  tissue  directly  under 
each  stoma  there  is  ahvays  a  large  intercellular  air-chamber,  termed 
the  RESPIRATORY  CAVITY  (Fig.  103,  B,  a\  which  is  in  direct  com- 
munication with  other  intercellular  spaces  extending  throughout  the 
leaf  tissue.  In  plants  grown  in  abundance  of  moisture,  these  inter- 
cellular spaces  in  leaves  are  larger  than  in  the  case  of  plants  growing 
in  drier  situations. 

In  contrast  to  the  stomata,  which  as  air-pores  serve  for  the  inter- 
change of  gases,  a  few  plants  also  possess  water-stomata  or  water- 
porks,  situated  at  the  ends  of  the  so-called  veins  or  nerves  of  the 
leaves.  These  pores  serve  as  organs  for  the  discharge  of  water  or 
watery  solutions.  Calcium  carbonate,  in  solution,  is  frequently  excreted 
in  this  way,  and  in  many  species  of  S'l.rifram  it  forms  white  scales 
on  the  margins  of  the  leaves.  Although  water-pores  may  often  be 
found  at  the  apices  and  tips  of  the  marginal  teeth  of  yoimg  leaves, 
they  seem  to  dry  up  as  the  leaves  become  more  mature.  The  guard- 
cells  of  water-stomata  always 
lose  their  living  contents  pre- 
maturely, and  thus  the  passage 
between  them  remains  con- 
tinually open.  The  water- 
stomata  (Fig.  106)  are  always 
larger  than  the  air-stomata. 
Although  submerged  leaves  of 
aquatic  plants  are  devoid  of 
air  -  stomata,  water  -  stomata 
often  occur  on  them. 

Hairs  or  trichomes  and 
tegumentary  outgrowths  or 
EMERGENX'ES  are  characteristic 
of  the  tegumentary  system. 
The  simplest  form  of  hairs  are  f 
the  PAPILL-E,  which  are  merely 
epidermal  cells,  the  external 
walls  of  which  have  protruded  in  a  conical  form.  Papilla?  are  often 
developed  on  the  petals  of  flowers,  and  are  the  cause  of  their 
velvety  appearance  (Fig.  107).     Longer  hairs,  such  as  the  root-hairs 


lOo. — Water-pore  from  the  margin  of  a  leaf  of 
Tropaeolum  majus,  with  stUTOunding  epidermal 
ceUs.   (X  240.) 
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(Fig.  47,  /■),  are  also  correspondin. 


Fig.  107.— Surface  of  the  upper  epidermis  of  a  petal  of 
Viola  tricolor,  showing  ridge-like  projections  from 
the  lateral  walls,  and  protruding  papiUfe.  (  x  250.) 

parts  of  plants  possessing  such  hair 
appearance,  on  account  of  the  air  r( 


gl}'  long  prolongations  of  single 
epidermal  cells.  The  soft,  hairy 
gro-vvths  found  in  young  buds 
are  generally  similarly  prolonged 
epidermal  cells  which,  as  a  pro- 
tective covering,  surround  the 
young  growing  tissues  and  some- 
times remain  on  fully-developed 
plants  to  shield  them  from  too 
rapid  evaporation  and  sudden 
changes  of  temperature.  The 
y  coverings  usually  have  a  white 
both  between  and  in  the 


hairs.    The  hairs  developed  from  some  of  the  epidermal  cells  of  the 
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seed  coats  of  various  species  of  Gossypium  attain  an  unusual  length, 
and  supply  the  cotton  of  commerce  (Fig.  108).  These  cotton  hairs  are 
sometimes  6  cm.  long,  and  in  their  fully-developed  state  contain  only 
air ;  their  cell  walls  are  thicker  than  those  of  ordinary  hairs,  and 
covered  with  a  delicate  cuticle.  They  are  usually  somewhat  flattened 
and  at  the  same  time  twisted ;  and  are  wider  in  the  middle  than  at 


Fig.  110. — A,  Spindle-shaped  hair  from  tlie  under 
surface  of  a  leaf  of  the  Wallflower,  Cheiranthus 
cheiri;  B,  cross-section  of  leaf  showing  inser- 
tion of  hair;  C,  stellate  hair  and  adjoining 
epidermis  from  the  under  side  of  a  leaf  of 
the  Stock,  Matthiola  annua.  {A,  C,  x90;  B, 
X  240.) 


Fig.  111.— Glandular  hair  from  the 
petiole  of  Primula  sinensis. 
(After  De  Bary,  x  142.) 


Fig.  112. — Glandular  scale  from  the 
female  inflorescence  of  the  Hop, 
Humulus  Lvpulus,  in  vertical 
section.  A,  before,  B,  after  the 
cuticle  has  become  distended  by 
the  excretion.  In  B  the  ex- 
cretion has  been  removed  by 
alcohol.  (After  DeBarv,  X  142.) 


either  end  (Fig.  108,  B.^.  Bristles  are  short,  pointed  hairs,  in  the 
thickened  cell  walls  of  which  calcium  or  silica  has  been  deposited 
(Fig.  109,  below,  to  the  right). 

The  STINGING  HAIRS  (Fig.  109),  such  as  those  of  Nettles  {Urtica)  and 
of  the  Loasaceae,  are  special  forms  of  bristles,  and  arise  as  prolongations 
-of  single  epidermal  cells.  These  however,  swell  in  the  course  of  their 
development,  and  becoming  surrounded  by  adjoining  epidermal  cells  pre- 
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sent  the  appearance  of  being  set  in  sockets  ;  while,  at  the  same  time,  by 
the  multiplication  of  the  cells  in  the  tissue  at  their  base,  the  whole 
hair  becomes  elevated  on  a  column-like  protuberance.  The  hair  tapers 
towards  the  apex  and  terminates,  somewhat  obliquely,  in  a  small  head, 
just  below  which  the  wall  of  the  hair  remains  unthickened.  As  the 
wall  of  the  hair  is  silicified  at  the  end  and  calcified  for  the  rest  of  its 
length,  the  whole  hair  is  therefore  extremely  stiff.  Such  hairs  furnish 
a  means  of  defence  against  animals.  The  heads  break  off  at  the 
slightest  touch,  and  the  hairs  piercing  the  skin  pour  out  their  poisonous 


contents,  which,  especially  in  the  case  of  the  Loasaceae,  may  cause 
severe  inflammation. 

Unicellular  Hairs,  such  as  Ave  have  so  far  considered,  may 
terminate  in  well-defined  heads  resulting  from  the  swelling  of  their  tips, 
or  their  side  walls  may  develop  irregular  excrescences  ;  on  the  other 
hand,  they  may  remain  short  and  expand  like  a  balloon,  or  remain 
close  to  the  surface  of  the  epidermis  as  spindle-shaped  (Fig.  110,  A) 
or  stellate  (Fig.  110,  C)  hairs.  Multicellular  hairs  may  be  merely 
simple  rows  of  similar  cells,  as  the  hairs  on  the  stamens  of  Tradescaiitia 
(Fig.  53) ;  or  their  terminal  cells  may  become  swollen  into  globular 
heads  (Fig.  Ill),  like  those  on  the  Chinese  Primrose  {Primula  sinensis) ; 
or  an  epidermis  may  be  covered  with  shield-,  star-,  or  bowl-shaped 
hairs  (Fig.  1 1 2).    Sometimes  the  hairs  become  variously  branched. 


Fig.  113.— Scale-hair  of  Asplenium 
hulhifcrum.    (x  90.) 


Fig.  114.  —  Glandular  coUeter 
from  a  stipule  of  Viola  tri- 
color, showing  also  a  uni- 
cellular hair.    (x  240.) 


SECT.  I 


MORPHOLOGY 


99 


and  in  special  cases,  as  in  the  scale  hairs  of  Ferns  (Fig.  113),  they  may 
even  have  the  shape  of  a  small  leaf. 

Emergences,  unlike  hairs,  are  not  formed  solely  by  epidermal  cells, 
but  a  number  of  cells,  lying  more  or  less  deeply  in  the  sub-epidermal 
tissues,  also  take  part  in  their  formation.  Thus,  for  example,  while 
only  a  few  rows  of  sub-epidermal  cells  enter  into  the  foruiation  of  the 
emergences  (Fig.  114)  on  the  margins  of  the  stipules  of  the  Pansy 
{Viola  tricohr),  much  deeper-lying  tissue  participates  in  the  development 
of  the  emergences  which,  as  prickles,  serve  in  the  case  of  roses  as  a 
means  of  protection,  and  at  the  same  time  are  of  assistance  in  climbing. 
Vascular  bundles  also  may  be  included  within  the  emergences,  as  is  well 
shown  in  the  club-shaped  digestive  glands  or  tentacles  (Fig.  115)  on 
the  leaves  of  the  Sundew  (iJrosera).  Some  emer- 
2;ences  resemble  in  structure  certain  of  the  meta- 
morphosed  members  of  the  plant  body  described 
in  the  preceding  chapter ;  the  resemblance  be- 
tween prickles  and  thorns,  for  instance,  is  parti- 
cularly noticeable.  The  phylogenetic  origin  of 
emergences,  and  therefore  the  morphological  value 
of  metamorphosed  members,  is  altogether  different. 
The  irregular  distribution  of  emergences  affords 
an  easy  means  of  distinguishing  them  from  such 
metamorphosed  members  as  resemble  them  in 
appearance. 

Both  hairs  and  emergences  sometimes  act  as 
secreting  organs,  and  are  then  termed  glands. 
In  many  cases  they  are  concerned  with  the  active 
exudation,  and  at  times  also  the  absorption  of 
water.  They  then  belong  to  the  class  of  organs 
designated  hydathodes  by  Haberlandt  (cf. 
p.  91).  Hairs  which  function  as  hj^dathodes  are 
usually  multicellular ;  they  are  provided  with 
a  short  stalk  and  terminate  in  a  head.  Other 
glandular  hairs  excrete  a  resinous  substance.  The 
hairs  of  Primula  sinensis  (Fig.  Ill)  are  in  reality 
such  glands,  and  it  is  from  their  excretions  that 
the  plant  derives  its  peculiar  odour.  The  cuticle 
of  the  terminal  globular  head  is  pressed  away 
from  the  cell  wall  by  the  resinous  matter  ex- 
creted from  the  hair,  until,  finally,  the  bulging 
cuticle  is  ruptured  and  the  resinous  secretion  exudes, 
but  more  complicated  glandular  hairs  of  Hops  (Fig.  112)  produce 
a  secretion  called  lupulin,  to  which  beer  owes  its  bitter  taste  and 
distinctive  aroma.  The  secretion  is  set  free  by  the  bursting  of 
the  cuticle,  the  latter  having  been  previously  pressed  out  from 
the  underlying  cell  wall  as  a  continuous  membrane  (Fig.  112,  B). 


—Digestive  gland 
Droscra  rotundi- 
(X  CO.) 

The  similar 
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The  mucilaginous  matter  produced  in  young  buds  by  the  mucus 
papillae  or  colleters  results  from  the  partial  dissolution  of  the  cell  wall 
under  the  cuticle.  After  the  mucilaginous  secretion  has  been  discharged 
by  the  ultimate  rupture  of  the  cuticle,  another  new  cuticle  forms  over 
the  continually  developing  cell  wall,  and  the  process  is  again  repeated. 
The  colleters  are  but  special  forms  of  hairy  structures,  and  are  often 
developed  in  buds  to  protect  the  young  organs  from  drying,  by  means 
of  the  mucilaginous  modification  of  their  cell  walls.  Where  the  dis- 
solution of  the  cell  wall  is  accompanied  by  secretions  from  the  under- 
lying cells,  the  colleters  assume  rather  the  character  of  glandular 
hairs.  Such  glandular  colleters  are  prevalent  in  the  winter  buds 
of  trees ;  in  the  Horse-chestnut  (Aescidus  Hijjpocastanum),  for  example, 
the  bud-scales  of  the  winter  buds  are  stuck  together  by  a  mixture  of 
gum  and  resin,  which  has  been  exuded  from  colleters  of  this  nature.  The 
glandular  hairs  of  the  Pansy  (Fig.  114)  act  in  a  similar  manner. 

The  emergences  on  the  leaves  of  the  Sundew  (Drosera),  described 
as  digestive  glands  (Fig.  115),  discharge  glistening  drops  of  muci- 
laginous matter,  not  under  the  cuticle,  but  directly  from  the  surface  of 
the  glands  at  the  ends  of  the  tentacles.  Small  animals  are  caught 
by  means  of  these  sticky  excretions,  and  are  afterwards  digested 
by  the  plant.  The  nectaries  of  flowers  also  often  excrete  sugary 
solutions  directly  from  their  surfaces.  The  excreting  cells  are  generally 
tliin-walled  and  not  cuticularised.  The  excretion  of  nectar  may  also  take 
place  through  water-stomata.  Finally,  intercellular  secretion 
CAVITIES  are  found  on  the  emergences  of  the  inflorescence  of 
Dictamnus  FruxineUa.  The  lower  distended  portions  of  its  ampullaceous 
emergences  contain  a  fragrant  ethereal  oil,  Avhich  fills  the  Ij^sigenous 
cavity  formed  by  the  dissolution  of  the  secreting  cells  (Fig.  116). 
In  addition  to  these  glandular  emergences,  other  internal  glands  which 
are  developed  from  the  epidermis  and  the  underlying  layer  of  cells 
are  found  in  the  leaves  of  Dictamnus. 

In  some  plants  the  epidermis  is  composed  of  several  layers ;  but 
this  is  of  comparatively  rare  occurrence.  Such  a  many -layered 
epidermis  results  from  a  division  of  the  young  epidermal  cells  parallel 
to  their  external  surface.  The  epidermis  of  Ficus  elastica  (Fig.  88) 
has  three  layers,  and  serves  as  a  reservoir  for  accumulating  Avater. 
The  cystoliths  of  Ficus  elastica,  already  referred  to,  occur  in  consider- 
ably swollen  epidermal  cells.  The  multi -layered  epidermis  of  the 
aerial  roots  of  many  Orchids,  and  of  various  Aroids,  undergoes  a  peculiar 
modification  and  forms  the  so-called  VELAMEN  RADICUM  (p.  42),  a  parch- 
ment-like sheath  surrounding  the  roots,  and  often  attaining  a  consider- 
able thickness.  The  cells  of  this  enveloping  sheath  are  generally  provided 
with  spiral  or  reticulate  thickenings,  and  lose  their  living  contents. 
They  then  become  filled  with  either  water  or  air,  depending  upon  the 
amount  of  moisture  contained  in  the  surrounding  atmosphere.  These 
root-envelopes  absorb  Avater  like  blotting-paper ;  AA^hen  the  A^elamen 
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is  filled  with  water,  the  underlying  tissues  impart  a  greenish  shimmer  to 
the  root ;  but  if  it  contains  only  air  the  root  appears  white.  The 
epidermis  of  fruits,  and  particularly 
of  seeds,  exhibits  a  considerable 
variety  of  modifications  in  its  mode 
of  thickening,  and  in  the  relations 
the  thickening  layers  bear  to  one 
another.  The  purpose  of  these 
modifications  in  the  epidermis  be- 
comes at  once  evident,  when  it  is 
taken  into  consideration  that,  in 
the  case  of  flowers  and  seeds,  in 
addition  to  protecting  and  enclosing 
their  internal  parts,  the  epidermis 
has  often  to  provide  for  their  dis- 
semination and  permanent  lodg- 
ment. 

The  Vascular  Bundle  System. 

— The  PRIMARY  VASCULAR  BUN- 
DLES extend  in  the  form  of  strands 
throughout  the  body  of  the  higher 
plants.  In  more  transparent  stems, 
such  as  those  of  Imjmtiens  ixirvi- 
Jiora,  the  bundles  may  be  clearly 
distinguished  and  their  direction 
followed.  The  arrangement  of  the 
bundles  of  leaves  is  apparent  from 
their  venation.  In  many  parallel- 
veined  leaves  the  bundles  are  easily 
isolated.  This  is  often  done  acci- 
dentally, as  when,  for  example,  in 
picking  a  leaf  of  Plantain  (Plantago  media)  a  pull  is  given  at  the  same 
time.  The  leaves,  and  sometimes  also  the  stems  of  Mosses,  are  pro- 
vided with  strands  of  elongated  cells,  which  are  termed  conducting 
BUNDLES.  These  strands  consist  either  of  elongated  empty  elements, 
which  serve  as  water-carriers,  or  include  also  cells  with  protoplasmic 
contents  which  transport  nutritive  material  (Fig.  159).  In  the  leaves 
these  conducting  bundles  constitute  the  midrib.  They  always  consist 
of  elements  devoid  of  protoplasm,  acting  only  as  water-conductors, 
and  of  cells  provided  with  living  protoplasmic  contents,  and  concerned 
with  the  transport  of  nourishment. 

A  high  degree  of  differentiation  of  the  vascular  bundles  is  first 
attained  by  the  Pteridophytes,  which  are  accordingly  designated 
Vascular  Cryptogams. 

In  the  Pteridophytes,  and  throughout  the  higher  plants,  two  distinct 
portions  may  be  distinguished  in  a  vascular  bundle,  the  TRACHEAL  or 


Vie.  llu.— Glandular  hair  from  the  inflorescence 
of  Dictamnus  Fraxinella,  in  longitudinal 
section  ;  to  the  right  a  simple  hair  laid  open 
at  the  base.    (After  Rauter,  x  220.) 
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XYLEM  PORTION,  and  the  sieve  or  phloem  portion.  While  each 
portion  may  form  independent  strands,  they  are  generally  united  in  one 
VASCULAR  bundle  (Figs.  117-119).  Other  terms  often  used  to  designate 
the  vascular  bundles  are  fibro-vascular  bundles  and  mestome.  The 
vascular  portion  is  also  termed  the  xylem  or  hadrome,  and  the  sieve- 
tube  portion  the  phloem  or  leptome.  The  a  ascular  portion  contains 
TRACHEAE  and  tracheids  as  most  essential  for  the  fulfilment  of  its  func- 


FlG. 


tion  as  a  water-conductor,  vascular  elements  (a,  sj:),  m,  Figs.  117,  118),  or 
tracheids  alone,  and,  in  addition,  living,  elongated  parenchymatous  cells 
that  may  be  designated  xylem  or  wood  parenchyma.  In  the  phloem 
portion  the  most  essential  elements  are  the  sieve-tubes  (r),  which  serve 
for  the  conveyance  of  albuminous  matter.  They  are  always  accom- 
panied by  other  living  cells ;  either  by  the  so-called  companion 
cells  (.s),  or  in  addition  by  elongated  parenchymatous  cells,  or  by  the 
parenchyma  alone.  The  companion  cells  are  sister  cells  of  the  sieve- 
tubes,  for  both  have  arisen  by  longitudinal  division  from  the  same  mother 
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cell.  The  companion  cells  are  not  so  large  as  the  sieve-tubes,  and 
may  be  distinguished  from  them  by  their  more  abundant  protoplasmic 
contents,  and  especially  by  the  fact  that  they  retain  their  nuclei,  while 
the  nuclei  of  the  sieve-tubes  soon  disappear.  In  Monocotyledons  (Figs. 
117,  118),  and  in  the  Iianuncidaceae  among  the  Dicotyledons  (Fig.  119), 
the  phloem  consists  solely  of  sieve-tubes  and  companion  cells ;  in  the 
other  Dicotyledons  parenchymatous  elements  are  also  present,  and  these 
are  accordingly  distinguished  as  PHLOEM  or  sieve  parenchyma  ; 
no  companion  cells  are  found  in  Gymnosperms  and  Pteridophj'tes, 


Fig.  lis. — Longitudinal  section  of  a  vascular  bundle  from  the  stem  of  Zea  Mais,  a  and  Rings  of 
an  annular  tracheid  ;  r,  sieve -tubes;  s,  companion  cells;  cp,  protopliloeni  ;  /,  intercellular 
passage  ;  vg,  sheath  ;  sp,  spiral  tracheids.    (x  ISO.) 

and  in  addition  to  sieve  -  tul'jes  the  phloem  contains  only  phloem 
parenchyma. 

The  bundles  of  the  Phanerogams  (Gymnosperms  and  Angiosperms) 
are  generally  COLLATEKAl  in  structure,  that  is,  the  xylem  and  phloem 
are  in  contact  on  one  side  only.  In  stems  the  most  usual  arrangement 
of  the  two  portions  of  a  collateral  bundle  is  that  in  which  the  xylem 
lies  nearest  the  centre  ;  in  leaves  the  xylem  portion  lies  nearer  the 
upper,  and  the  j^hloem  portion  nearer  the  lower  surface.  The  xylem 
and  phloem  of  roots  generally  form  separate  strands  (Fig.  120,  r), 
and  in  that  case  the  arrangement  of  the  vascular  portion  is  somewhat 
altered  :  for,  while  in  stems  the  narrow  vessels  of  the  xylem  are 
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nearer  the  centre,  and  the  wider  nearer  the  circumference,  in  roots 
this  order  is  exactly  reversed.  Closely  allied  to  the  collateral  type  is 
the  bicollateral  type  of  bundle.  In  the  latter  the  xylem  is  accom- 
panied by  phloem  on  each  side,  both  on  the  outside  and  inside.  Such 
bicollateral  bundles  are  characteristic  of  the  Cucurbitaceae,  but  occur 
also  in  several  other  families  of  Dicotyledons. 

The  vascular  bundle  strands  of  the  Pteridophytes  (Fig.  121), 


Fig.  119. — Transverse  section  of  a  vascular  bundle  from  a  stolon  of  Runuacuh(S  repens.   s,  Spiral 
traclieids  ;  m,  vessel  with  bordered  pits  ;  c,  cambium ;  v,  sieve-tubes ;  vg,  sheath,   (x  ISO.) 

although  usually  termed  concentric  bundles,  cannot  be  compared 
with  the  single  vascular  bundles  of  the  Phanerogams,  but  correspond 
rather  to  an  aggregated  complex  of  such  bundles.  The  centre  of  such 
a  vascular  bundle  strand  consists  of  tracheids  (sp),  and  also,  in  special 
instances,  of  tracheae  (sc).  These  elements  show  t3q3ical  scalariform 
markings,  and  only  the  very  smallest  are  spirally  thickened  (sjj).  The 
xylem  parenchyma         surrounds  the  tracheal  elements,  while  both 
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are  encircled  by  phloem  consisting  of  sieve -tubes  (r)  and  phloem 
parenchyma  (s). 

Such  vascular  bundle  strands  occur  in  the  Ferns  and  Selagincllaccac,  and  also 
in  the  Lycoiwdiaceae,  where  they  exhibit  even  a  greater  degree  of  coalescence. 
In  the  Equisetaceae  the  vascular  bundles  correspond  more  nearly  to  the  collateral 
bundles  of  the  Phanerogams. 

The  vascular  bundles  are  developed  from  strands  of  meristematic 
tissue  which  are  called  PRO- 
CAMBIUM  STRANDS.  In  those 
portions  of  plants  which  still 
retain  an  energetic  vertical 
growth,  the  procambium  strands 
remain  undifferentiated,  except 
at  definite  points,  where  single 
rows  of  cells  lose  their  meri- 
stematic condition  and  form 
narrow,  annular,  and  spiral  0^ 
vessels  and  sieve-tubes,  or  sieve- 
tubes  and  companion  cells,  the 
structure  of  all  of  which  is  of 
such  a  nature  as  to  render 
their  elongation  possible.  Such 
primary  vascular  elements  are 
termed  protoxylem  ;  Avhile  the 

corresponding     sieve     elements    Fio.  1-20.— Transverse  section  of  central  portion  of 

are  in  like  manner  designated  '^^^       Acorns  CcUanus     m,  Mednlla; 

»  xylem  ;  v,  phloem  ;  p,  pericycle  ;  e,  endoclemiis  ; 

protophloem.  The  protoxylem  c,  cortex,  (xoo.) 
occupies  the  innermost,  the  pro- 
tophloem the  outermost  side  of  a  procambium  strand,  from  which  a 
collateral  bundle  is  eventually  formed.  After  the  vertical  growth  of 
any  part  of  a  plant  ceases,  the  differentiation  of  the  procambium 
strand  into  a  collateral  vascular  bundle  is  continued  from  the  inner 
and  outer  sides  of  the  strand  toward  the  centre.  If  the  whole 
meristematic  tissue  of  a  procambium  strand  is  exhausted  in  this 
process,  the  finally-developed  vascular  bundles  are  said  to  be  closed  ; 
but  if  any  of  the  meristematic  tissue  remains  in  an  undifferentiated 
condition  between  the  xylem  and  phloem  portions,  the  bundles  are 
spoken  of  as  open.  The  Pteridophytes  have,  almost  without  excep- 
tion, closed  bundles ;  in  Monocotyledons  also  the  bundles  are  always 
closed  (Fig.  117)  :  Gymnosperms  and  Dicotyledons,  on  the  contrary, 
have  open  bundles  (Fig.  119). 

The  meristematic  tissue  vrhich  remains  undifferentiated  between 
the  xylem  and  phloem  portions  of  a  bundle  is  called  the  CAMBIUM 
(Fig.  119). 

In  fully -developed  vascular  bundles  the  protoxylem  and  proto- 
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phloem  cease  to  })erform  their  functions.  The  protoxylem  elements 
become  compressed  and  ruptured  by  the  tension  resulting  from  the 
continued  vertical  growth  (a  and  a',  Fig.  118),  so  that  in  their  stead 
a  lysigenic  intercellular  space  is  often  formed  (Figs.  117,  118).  The 
protophloem  elements  (rf.  Figs.  117,  118)  at  the  same  time  become 
disorganised,  and  their  sieve-plates  closed  by  a  covering  of  callus. 

In  accordance  Avith  the  orientation  of  the  xylera,  the  protoxjdem 


Fig.  121. — Transvei'se  section  of  tlie  vascular-liuiidle  cylinder  of  the  petiole  of  Pteris  aqnilinu. 
sc,  Hcalarifonn  \  essels  ;  sp,  jtrotoxyleni ;  sc',  part  of  a  transverse  Avail  showing  scalariforni 
perforations;  Ip,  xyleni  iiarenchynia  ;  v,  sieve-tubes;  protoi)hloein  ;  pp,  starch  layer; 
e,  emloderniis  ;  n,  phloem  i)arencdiyina.    (x  240.) 


of  roots  is  found  on  the  outer,  not  on  the  inner  side  of  the  vascular 
strands  (Fig.  120). 

The  Terminations  of  the  Vascular  Bundles. — In  leaves,  particu- 
larly in  the  deciduous  leaves  of  Angiosperms,  the  vascular  bundles 
become  much  branched  until  finally  they  are  reduced  to  extremely 
fine  strands.  In  the  leaves  of  Gymnosperms  this  branching  of  the 
bundles  does  not  usually  take  place,  but  instead,  a  single  vascular 
bundle  frequently  runs  throughout  the  whole  length  of  the  leaf.  The 
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vascular  bundles  of  the  reticulate-veiiied  leaves  of  Dicotyledons  illus- 
trate the  most  extreme  form  of  branching. 

The  fine  distribution  of  the  bundles  in  the  leaf-lamina  facilitates  the  regular 
conduction  of  water  to  all  parts  of  the  leaf-tissue,  and  at  the  same  time  renders 
easier  the  removal  of  the  assimilated  products.  An  extended  distribution  of 
the  bundles  in  the  leaves  is  thus  evidently  of  advantage  to  a  plant.  In  the  same 
degree  as  the  ramifications  of  the  vascular  bundles  are  continued,  the  bundles 
themselves  become  attenuated  and  simpler  in  structure  (Fig.  122).  The  vessels  first 
disaj)pear,  and  only  spirally  and  reticulately  thickened  tracheids  remain  to  provide 
for  the  water-conduction.  The  phloem  elements  undergo  a  similar  reduction.  In 
Angiosperms,  in  which  the  sieve-tubes  are  accompanied  by  companion  cells,  the  sieve- 
tubes  become  narrower,  whilst  the  companion  cells  retain  their  original  dimensions. 
Finally,  in  the  cells  forming  the  continuation  of  the  sieve-tubes,  the  longitudinal 
division  into  sieve-tubes  and  companion  cells  discontinues,  and  transition  cells  are 
formed.  AVith  these  the  sieve-tubes  terminate,  although  the  vascular  portion  of 
the  bundles  still  continues  to  be  represented  by  short  spiral  tracheids,  until  filially 
they  too  disappear,  either  tenninating  blindly  or  anastomosing  with  other  vascular 
bundles. 

The  Fundamental  Tissue  System  usually  forms  the  principal  part 
of  the  primary  tissues  of  the  body  of  a 
plant.  The  whole  tissue  of  the  lower 
plants,  as  it  shows  no  internal  difter- 
entiation,  may,  in  a  certain  sense,  be 
considered  fundamental  tissue.  The 
other  tissues  have  gradually  been  de- 
veloped from  the  fundamental  tissue  in 
the  course  of  phylogenetic  development. 
The  fundamental  tissue  in  the  hio'her 
plants  is  enclosed  by  tegumentary  tissue, 
and  traversed  by  the  vascular  bundle 
system.  While  the  tegumentary  tissue 
protects  the  plant  externally,  and  the 
vascular  bundle  system  performs  the 
office  of  conduction,  and  also  of  me- 
chanically strengthening  the  plant,  the 
duty  of  providing  for  the  nutrition  of 
the  plant  and  of  storing  reserve  food 
material  falls  chietly  to  the  funda- 
mental tissue.      The  fundamental  tissue   Fio.  12-2.— Termination  of  a  vascular 

consists,  therefore,  for  the  most  part  of  ^'""'^^'^  ^  ^^'^^  impatiens  pa-n-i- 
parenchymatous  cells  contammg  chloro- 
phyll, at  least  to  such  depth  as  the  light  penetrates  ;  but  internally, 
and  wherever  the  tissties  are  so  situated  as  to  be  unaffected  by  the 
influence  of  the  light,  a  colourless  parenchyma  is  found.  The  funda- 
mental tissue  system  also  takes  part  in  providing  for  the  mechanical 
rigidity  of  plants,  and  in  connection  with  this  function  it  possesses 
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collenchyma  (Fig.  87,  c)  and  sclerenchyma  as  its  special  mechanical 
tissues.  The  collenchyma  is  unlignified  and  very  elastic,  and  thus 
fitted  for  stretching ;  it  is  the  form  of  mechanical  tissue  suitable 
for  those  parts  of  plants  still  undergoing  growth  in  length.  The 
sclerenchymatous  fibres,  on  the  other  hand,  are  formed  after  growth  in 
length  has  ceased,  and  sclereides  arise  even  later.  The  elongated  cells 
of  the  fundamental  tissue  also  perform  a  certain  share  of  the  work  of 
conduction,  and  are  specially  active  in  the  transport  of  carbohydrates. 
Secondary  or  waste  products,  resulting  from  chemical  changes,  are  also 
deposited  in  special  cells  of  the  fundamental  tissue.  Consequently 
idioblasts  (p.  83),  containing  crystals  or  rows  of  crystal -containing 
cells,  are  often  met  with  in  the  fundamental  tissues,  together  with 
cells,  tubes,  cavities,  or  canals  containing  tannin,  gum,  resin,  ethereal 
oils,  latex,  or  alkaloids.    Such  waste  products  are  for  the  most  part 


Fig.  1-23. — Transverse  section  of  the  petiole  of  Nupliar  lutcum.    I,  Intercellular  air-space  ; 
/,  idioblast.   (x  60.) 

deposited  near  the  surface  of  a  plant,  in  order  to  serve  as  a  defence 
against  destructive  animals,  or  that  they  may  afterwards  be  thrown  off 
along  with  the  superficial  tissue.  Cells  containing  these  waste  products, 
particularly  crystal  cells  and  latex  tubes,  are  often  found,  therefore, 
accompanying  the  phloem  portion  of  the  vascular  bundles. 

The  Aroideae,  Kymphacaccae,  and  several  otlier  plant  families  possess  a  peculiar 
form  of  idioblasts,  the  so-called  internal  hairs,  which  project  into  the  intercellular 
spaces  of  the  fundamental  tissue.  In  the  wide  intercellular  passages  of  the  leaf 
and  floAver  stems  of  the.  Water-Lily  these  idioblasts  are  stellate  in  form  (Fig.  123). 
Their  walls  are  strongly  thickened,  and  provided  with  short  protuberances  in  which 
small  crystals  of  calcium  oxalate  are  deposited. 

The  Distribution  of  the  Primary  Tissues 

In  the  body  of  multicellular  plants  a  distinction  betAveen  an  outer 
small-celled  and  firm  tissue  and  an  inner  large-celled  looser  tissue 
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soon  becomes  apparent.  The  outer  tissues  are  best  adapted  for  pro- 
tection, the  inner  for  conduction  and  storage.  The  cells  of  the  inner 
tissues  accordingly  become  elon- 
gated for  the  purpose  of  conduc- 
tion. The  outer  tissues  in  plants, 
which  must  provide  independently 
for  their  own  nourishment,  con- 
tain chromatophores  fitted  for 
assimilation,  and  are  correspond- 
ingly coloured,  while  the  inner 
tissues  remain  colourless.  The 
outer  portion  of  the  fundamental 
tissue  thus  differentiated  is  called 
the  CORTEX,  the  inner  the  medulla 
or  PITH.  An  epidermis,  distin- 
guishable from  the  cortex,  is  found 
in  some  of  the  Mosses,  but  a  sharp 
distinction  between  these  tissues 
is  first  found  in  the  more  highly 
organised  plants. 

In  the  Stem  of  a  Phanero- 
gamic plant  there  is  an  outer  skin  or  epidermis  (Fig.  125,  e)  on 
the  external  surface;  then  follows  the  PRIMARY  CORTEX  (Figs.  124, 

125,  j?r),  and  internal  to  this 


Fig.  124.— Transverse  section  of  an  internode  of 
the  stem  of  Zea  Mais,  fv,  Primary  cortex ; 
fc,  pericycle  ;  cv,  vascular  bundles  ;  gc,  funda- 
mental tissue  of  the  central  cylinder.    ( x  2.) 


e 
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Fig.  125. — Part  of  a  transverse  section  of  a  young 
stem  of  Aristolochia  Sipho.  e,  Epidermis  ;  jjr, 
primary  cortex ;  st,  starch  -  sheath ;  c,  central 
cylinder ;  pc,  pericycle,  in  this  case  with  a  ring  of 
sclerenchyma  fibres ;  cv',  phloem,  and  cv",  xylem  phloeoterma  is  rendered  COn 
portions  of  the  vascular  bundle ;  ch,  cambium 
ring ;  m,  medulla ;  ms,  primary  medullary  ray. 
(X4S.) 


the  so-called  central  cylin- 
der, for  which  Van  Tieghem 
has  proposed  the  name  stele 
(column).  The  innermost  layer 
of  the  primary  cortex,  which 
may  be  designated  by  the  term 
phloeoterma,  is  for  the  most 
part  not  distinctly  differenti- 
ated, but  can  be  recognised  in 
the  aerial  stems  of  land  plants 
as  a  starch-sheath ;  while  in 
the  rhizomes  of  land  plants 
and  in  the  stems  of  water- 
plants  it  forms  the  endoder- 
MIS.  Differentiated  as  a  starch- 
sheath    (Fig.    125,   5/),  the 


spicuous  by  the  quantity  of 
starch  contained  in  its  cells  ; 
when  developed  as  an  endo- 
dermis,  portions  of  the  lateral  walls  of  its  cells  become  suberised. 
In  a  cross -section  these  suberised  portions  of  the  cell  walls  of  the 
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endodermis  appear  as  dark  spots  (Fig.  126),  but  in  a  tangential  section 
as  sinuous  lines.  The  stele  or  central  cylinder  of  the  stem  contains 
vascidar  bundles  (Fig.  125,  rv),  which,  in  the  Equisctaceae  and  some 
other  Pteridophytes,  as  well  as  in  the  Gymnosperms  and  Dicoty- 
ledons (Fig.  125),  are  arranged  in  a  circle,  whereas  in  Monocotyledons 
(Fig.  124)  they  are  irregularly  distributed.  In  all  these  cases  the 
xyleni  portion  of  the  vascular  bundle  is  directed  towards  the  centre, 
and  the  phloem  portion  away  from  the  centre  of  the  stem.  That  part 
of  the  peripheral  tissue  of  the  central  cylinder  lying  outside  of  the 
bundles  is  called  the  pericycle  {pc)  or  pericambium,  and  is  the  special 


Fig.  126. — Transverse  section  of  an  adventitious  root  of  Allium  Cepa.  c,  Primary  cortex  ;  e,  endo- 
dermis ;  7),  pericycle  ;  «,  annular  tracheids  ;  sp,  spiral  tracheids  ;  sc  and  it*,  scalariforni  vessels  ; 
V,  phloem,    (x  240.) 

seat  of  new  growths.  If  the  bundles  are  arranged  in  a  circle  (Fig. 
125),  that  part  of  the  central  cylinder  enclosed  by  them  is  the  pith  or 
medulla  (m),  and  the  tissue  between  the  different  bundles  the  primary 
medullary  rays.  In  the  case  of  scattered  bundles  (Fig.  124),  a  dis- 
tinction between  medulla  and  medullary  rays  is  no  longer  possible, 
and  the  whole  tissue  siUTOunding  the  bundles  must  then  l)e  considered 
as  corresponding  to  the  primary  medullary  rays.  The  division  of  the 
tissue  systems  in  the  stems  of  the  higher  plants  into  epidermis,  primary 
cortex,  and  central  cylinder,  brings  with  it  a  corresponding  division  of  the 
fundamental  tissue  into  the  fundamental  tissue  of  the  primary  cortex 
and  the  fundamental  tissue  of  the  central  cylinder.    "Wherever  there  is 


SECT.  1 


MORPHOLOGY 


111 


no  sharp  distinction  between  primary  cortex  and  central  cylinder,  com- 
parative investigation  alone  can  determine  whether  a  tissue  belongs  to 
the  primary  cortex  or  to  the  central 
cylinder.  Although  the  fundamental 
tissue  of  the  primary  cortex  is  pre- 
eminently a  chlorophyll -containing 
tissue,  portions  bordering  on  the 
epidermis  frequently  become  con- 
verted, for  mechanical  purposes,  into 
strands  of  collenchyma  or  scleren- 
chyma.  Such  a  mechanical  tissue, 
which  serves  to  strengthen  the  epi- 
dermis, is  known  as  a  hypoderma. 
Of  the  tissues  composing  the  central 
cylinder,  the  pericycle,  the  primary 
medullary  rays,  and  medulla  consist 
of  fundamental  tissue,  and  are  chiefly 
composed  of  colourless  parenchyma. 
A  part,  however,  of  the  tissue  of  the 
pericycle  may  become  sclerench}^- 
matous  (Fig.  125,  pc) ;  sclerenchy- 
matous  elements  also  often  surround 
individual  bundles  as  sheaths,  or  accompany  the  phloem  portion  in 
the  form  of  strands  (Figs.  117,  119).  Whenever  such  a  sheath  of 
sclcrenchyma  is  developed  about  a  bundle,  it  is  always  interrupted  on 
both  sides  of  the  bundle,  at  the  junction  of  the  xylem  and  phloem 
portions,  by  parenchymatous  cells,  or  by  cells  which  are  only  slightly 
thickened  and  lignified.  These  cells  facilitate  the  exchange  of  water 
and  food  material  between  the  vascular  bundles  and  the  fundamental 
tissue,  and  are  spoken  of  as  transfusion  strands. 


hizoiue 
bundle 


Fig.  127. — Transverse  section  of  the 
of  1'terl.s  ci'iiiilina.  f>,  Vascular 
strands  (schizosteles);  I,  sclerencliyniatous 
plates  ;  Zj),  peripheral  zone  of  sclerenchy- 
matous  fibres ;  R,  cortex ;  e,  epidermis. 
(x7.) 


In  the  case  of  Phanerogams  the  central  cylinder  is  simple  and  occupies  a  more 
or  less  central  position.  In  some  few  instances,  however,  it  breaks  up  into  several 
partial  cylinders  or  schizosteles.  Such  scliizosteles  are  found  in  the  stems  of 
Auricula  and  Gunnera.  The  tissue  that  surrounds  and  separates  these  central 
cylinders  corresponds  to  the  primary  cortex. 

The  vascular  bundle  strands  (p.  104)  of  the  Pteridophytes  are  also  to  l)e  regarded 
as  schizosteles.  In  the  stems  of  Ferns  they  are  usually  separated  from  one  another 
(Fig.  127)  and  situated  in  the  fundamental  tissue  belonging  to  the  primary 
cortex.  This  is  also  the  case  in  the  Selaginellas.  In  Lycopodium  (Fig.  128),  on 
the  contrary,  the  schizosteles  become  united  into  a  central  gamostele.  In  these 
gamosteles  the  xylem  portions  of  the  single  schizosteles  form  sejiarate  bands,  ^rhilst 
the  alternating  phloem  portions  are  fused  with  one  another.  The  vascular  bundles 
of  the  Equisetaceac  (Fig.  346),  on  the  other  hand,  are  collateral.  They  are  similar 
to  those  of  Phanerogams,  and,  like  them,  are  arranged  in  a  circle  within  the  central 
cylinder  (cZ)  with  the  xylem  innermost  and  the  phloem  outermost.  They  sur- 
round a  large  medullary  cavity  {m)  formed  by  the  disruption  of  the  pith  of  the 
internodes.    The  central  cylinder  is  completely  enclosed  by  tlie  primary  cortex  {ch). 
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In  the  stems  of  Ferns,  strands  or  plates  of  sclerencliymatous  fibres  are  disjiersecl 
tln-oughoiit  the  fundamental  tissue,  which  belongs  to  the  primary  cortex.  These 
I)lates  of  sclerenchyma,  particularly  noticeable  from  the  brown  colour  of  the  walls  of 
their  fibres,  surround  and  accompany  the  schizosteles.  In  Selacjinclla,  on  the  other 
hand,  the  schizosteles  are  suspended  within  intercellular  passages  by  means  of  cell 
filaments.  In  the  case  of  Lycoiwdium  the  gamosteles  are  protected,  and  the  rigidity 
of  the  stem  secured  by  a  strongly  thickened  inner  zone  of  the  cortex  (Fig.  128,  vi). 

In  Roots,  the  division  between  primary  cortex  and  central  cylinder 
is  sharply  marked  by  the  endodermis,  into  which  the  innermost  layer 
of  the  primary  cortex  is  usually  transformed  (Figs.  120,  126,  e).  The 
central  cylinder  becomes  completely  shut  off  from  the  primary  cortex 


tracheitis  ;  sp,  annular  and  sjjiral  tracheids  ;  r,  xjliloem.    (x  26.) 

by  the  suberisation  of  the  lateral  walls  of  the  endodermal  cells, 
and  by  their  close  and  uninterrupted  contact.  While,  by  this  means, 
the  passage  of  gases  from  the  intercellular  spaces  of  the  cortex  into 
the  central  cylinder,  and  the  consequent  obstruction  of  the  water- 
channels,  are  prevented,  the  passage  of  water  from  the  cortex  to  the 
central  cylinder  can,  at  the  same  time,  go  on  unhindered  through  the 
unsuberised  inner  and  outer  walls  of  the  endodermal  cells.  In  this 
manner  it  is  possible  for  the  water,  absorbed  from  the  soil  by  the  root 
hairs  or  by  the  surface  of  the  roots,  to  be  transferred  to  the  tissues  of 
the  central  cylinder.  In  the  older  parts  of  the  roots,  which  no  longer 
absorb  water  from  the  soil,  the  cells  of  the  endodermis  become  greatly 
thickened,  but  generally  on  one  side  only.  Should  the  thickening 
occur  at  an  early  stage,  then  special  endodermal  cells,  directly  external  to 
the  xylem  strands,  remain  unthickened  and  serve  as  TRANSFUSION  cells 
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(Fig.  129,/).  While  the  root-hairs  are  as  a  rule  developed  from  the  cells 
of  the  epidermis,  they  may,  in  case  the  epidermis  is  thrown  off  with  the 
root-cap,  arise  from  the  outermost  cortical  layer,  which  then  assumes  the 
functions  of  an  epidermis.  In  any  case  the  epidermis  ultimately  dis- 
appears, and  the  outermost  cortical  layer  becomes  cuticularised  and,  as  an 
EXODERMis,  takes  its  place.  In  aerial 
roots  the  epidermis  may  become  con- 
verted into  a  manj^-layered  tracheidal 
ROOT-SHEATH  (p.  100). 

The  PRIMARY  CORTEX  OF  ROOTS  is 

composed  of  colourless  tissue  which, 
with  few  exceptions,  consists  wholly 
of  parenchyma.  Although  the  cells  of 
the  outer  laj'ers  of  the  cortex  are  un- 
interruptedly in  contact  with  one 
another,  the  inner  layers  are  often 
provided  Avith  intercellular  air  cavities 
or  passages. 

The  outer  laj^er  of  cells  (Figs. 
120,  126,  129,  jj)  of  the  central 
CYLINDER  OF  ROOTS  often  forms  the 

pericycle  (pericambium)  ;  this  usually    Fig.  129.— Part  of  a  transverse  section  of 
consists    of    a    single    layer    of    cells,        a  rootofin.;f^rc,iff;,^    .  Endodennis, 
<?  '        snowing  cell  walls  tnickened  on  one 

but  may  be  many-layered  or  entirely      side ;  /,  transfusion  ceii ;  p,  pericycle ; 

absent.        The     xylem      and     phloem  pWoem ;  ^,  vessel  of  xylem  ;  c,  cortex. 

portions  of  the   xylem   bundles    of  (^-^o-) 

roots  form  separate  strands  (p.  103),  radially  disposed  and  alternat- 
ing with  each  other  (Figs.  120,  126).  It  has  alread}'  been  shown 
that  the  narrowest  elements  of  the  vascular  strand  are  outermost. 
Roots  are  described  as  diarch,  triarch,  polyarch,  according  to  the  number 
of  the  radiating  vascular  strands.  For  example,  the  roots  of  Acorus 
Calamus  (Fig.  120)  are  octarch,  those  of  Allium  Cejxc  (Fig.  126)  hexarch. 
The  vascular  strands  may  either  meet  in  the  centre  (Fig.  126)  or  thej' 
may  surround  a  central  pith  (Fig.  120).  Like  the  corresponding 
tissue  in  the  stem,  the  fundamental  tissue  between  the  xylem  and 
23hloem  strands  may  be  termed  primary  medullary  ray  tissue. 

There  is  never  more  than  one  central  cylinder  in  a  root  ;  in  the  tubers  of 

Orchids  the  apparently  large  number  of  such  cylinders  may,  on  phylogenetie 

grounds,  be  considered  as  having  resulted  from  a  fusion  of  an  equal  number  of 
roots. 


Leaves  consist  chiefly  of  fundamental  tissue.  This  tissue  is  a  con- 
tinuation of  the  fundamental  tissue  of  the  primary  cortex,  and  is  termed 
the  mesophyll.  It  is  traversed  by  vascular  bundles,  and  covered  ex- 
ternally with  an  epidermis.  As  the  vascular  bundles  on  entering  a 
leaf  are  accompanied  by  fundamental  tissue  from  the  central  cylinder 

I 


114 


BOTANY 


PAET  I 


of  the  stem,  they  are  in  reality  partial  cylinders  or  schizosteles.  In 
Pteridophytes,  the  partial  cylinders  of  the  leaves  join  those  of  the  stems, 
and  both  have  the  same  structure ;  in  Phanerogams  each  partial 
cylinder  of  a  leaf  includes  only  a  single  vascular  bundle,  so  that  as 
many  partial  cylinders  as  vascular  bundles  enter  the  leaf.  The  meso- 
phyll  and  the  tissue  of  the  partial  cylinders  always  remain  separated 
in  the  leaves.  The  sheaths  of  fundamental  tissue  from  the  central 
cylinder,  which  often  accompany  the  vascular  bundles  when  they  enter 
the  leaves,  eventually  disappear  with  the  repeated  branchings  of  the 
bundles.  The  mesophyll  thereupon  forms  a  mesophyll  sheath,  which 
corresponds  to  the  phloeoterma  of  stems  (p.  109),  and  closes  contigu- 
ously about  the  free  ends  of  the  bundles  (Fig.  121).  Thus,  in  the  more 
highly  organised  plants,  the  epidermis,  primary  cortex,  and  the 

TISSUES  OF  THE  CENTRAL  CYLINDER,  OR  OF  THE  PARTIAL  CYLINDERS, 
WITH  THEIR  VASCULAR  BUNDLES,  FORM  ISOLATED  TISSUE  SYSTEMS, 
THE    MUTUAL    INDIVIDUALITY    OF    WHICH    IS    MAINTAINED    TO  THE 

VERY  LAST  RAMIFICATIONS.  The  cells  of  the  mesophyll  sheath  are  char- 
acteristically elongated,  and  are  distinguishable  by  their  uninterrupted 
contact.  In  addition  to  the  isolation  of  the  mesophyll  from  the 
tissue  of  the  partial  cylinders,  the  mesophyll  sheath  has  also  to 
perform  the  important  function  of  taking  up  the  carbohydrates  in 
solution  and  of  transferring  them  from  the  leaf  to  the  stem.  The 
vascular  bundles,  in  turn,  provide  the  leaf  with  water  together  with  the 
salts  held  by  it  in  solution,  and  also  carr}^  away  the  albuminous  sub- 
stances produced  in  the  leaf. 

The  leaf-bundles  of  Gymnosperms  are  unbranclied,  and  the  necessary  communi- 
cation between  the  bundles  and  the  surrounding  tissue  is  maintained  by  means  of 
BUNDLE-FLANGES.  On  the  vascular  side  of  the  bundle,  the  projecting  flanges  consist 
of  dead  parencliyma  without  protoplasm,  the  cells  of  which  contain  only  water,  and 
are  provided  with  bordered  pits,  so  that  in  this  respect  they  resemble  tracheids  ; 
on  the  phloem  side  the  parenchymatous  cells  of  the  bundle-flanges  are  full  of 
living  i)rotoplasm.  The  transfusion  of  the  contents  of  the  bundles  and  the  sur- 
rounding tissue  is  carried  on  by  means  of  the  bundle-flanges  ;  the  mesophyll  receives 
its  supply  of  water  from  the  vascular  portion,  Avhile  the  albuminous  substances 
of  the  leaf-tissue  are  in  turn  transferred  to  the  phloem  portion  of  the  bundles. 

In  certain  families  of  the  Dicotyledons,  particularly  in  the  Crassulaceac,  the 
mesophyll  of  the  leaf-lamina  forms  peculiar  masses  of  tissue  called  the  epitheme 
betAveen  the  swollen  terminations  of  the  bundles  and  the  epidermis.  The  cells 
of  the  epitheme  are  small  and,  for  the  most  part,  devoid  of  chlorophyll  ;  they 
are  full  of  water,  and  joined  closely  together,  leaving  only  very  small  interspaces, 
which  are  filled  with  water.  The  epithemes  serve  as  internal  hydathodes  (c/.  p.  91) 
for  tlie  discharge  of  water,  in  most  cases  by  means  of  water-pores  (p.  95)  situated 
immediately  over  them. 

The  mesophyll  of  the  coloured  floral  leaves  of  the  Angiosperms 
usually  consists  of  a  somewhat  loose  tissue,  containing  intercellular 
spaces  and  traversed  by  vascular  bundles.    The  laminse  of  many  assi- 
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milating  FOLIAGE  leaves,  especially  of  shade-loving  j^lants,  may  have  a 
similar  uniform  structure  ;  but  they  are  usually  more  complicated, 
and  exhibit  a  difference  in  the  structure  of  their  upper  and  lower 
sides  (Fig.  130).  They  are,  accordingly,  dorsiventral,  and,  in  corre- 
lation with  this  difference  in  structure,  their  two  surfaces  react  dif- 
ferently toward  external  influences.  In  such  dorsiventral  structures 
the  upper  epidermis  is  succeeded  by  one  or  more  layers  of  cylindrical 
parenchymatous  elements  elongated  at  right  angles  to  the  surface,  and 
known  as  the  PALISADE  CELLS.  These  are  especially  rich  in  chlorophyll, 
and  contain  only  small  intercellular  spaces.  Adjoining  the  palisade 
parenchyma,  and  extending  to  the  epidermis  {cp")  on  the  under  surface 
of  the  leaf,  is  a  loose  tissue  called  the  SPONGY  parenx'HYMA.  In  contrast 
to  the  palisade  cells,  the  cells  of  the  spongy  parenchyma  are  less 


Fig.  130.  —  Transverse  section  of  a  leaf  of  i-'cy^.s  sylcu.tku.  tp,  Epidenuis  of  upper  (ventral) 
surface  ;  ep",  epidermis  of  under  (dorsal)  surface  ;  ep"',  elongated  epidermal  cell  abo^•e  a 
vascular  bundle ;  pi,  palisade  parenchyma  ;  ^-j  collecting  cells  ;  sp,  spongy  parenchyma  ;  A  , 
idioblasts  with  crystals,  in  k'  with  crystal  aggregate  ;  s(,  stoma,    (x  3i30.) 


abundantly  supplied  with  chlorophyll ;  they  are  also  much  more 
irregular  in  shape,  and  enclose  large  intercellular  air-spaces.  The  pali- 
sade cells  are  elongated  in  the  same  direction  in  which  the  rays  of 
light  penetrate  the  leaf-lamina,  and  by  this  means  are  particularly 
adapted  to  their  special  function  of  assimilation.  The  spongy 
parenchyma,  on  the  other  hand,  is  arranged  to  facilitate  the  free 
passage  of  gases,  and  to  that  end  develops  large  intercellular  spaces 
in  direct  communication  with  the  stomata  of  the  under  epidermis. 
Haberlandt  has  estimated  that  to  every  square  millimetre  of  surface  in 
a  leaf  of  Pdcinm  comiaium  there  are,  in  the  palisade  cells,  -1:03,200 
chlorophjdl  granules ;  in  the  cells  of  the  spongy  parenchyma  only 
92,000  ;  that  is,  82  per  cent  of  all  the  chlorophyll  granules  belong  to  the 
upper  surface  of  the  leaf,  and  only  1(S  per  cent  to  the  under  side. 
The  palisade  cells  are  often  arranged  in  groups,  in  which  the  lower  ends 
of  the  cells  of  each  group  converge  (Fig.  130),    In  this  way  several 
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palisade  cells  come  into  direct  contact  with  a  single  expanded  cell  of  the 
spongy  parenchyma,  which  thus  functions,  apparently,  as  a  collecting 
cell  for  a  group  of  palisade  cells.  The  products  of  assimilation  are 
passed  on  from  the  collecting  cell  through  the  spongy  parenchyma, 
to  be  finally  carried  to  the  mesophyll  sheath  surrounding  the  vascular 
bundles. 

In  tlie  cross- section  (Fig.  130)  of  a  leaf  of  the  Beecli  {Fagus  silvatica)  only  a 
small  vascular  bundle  is  shown.  The  large  bundles  are  so  surrounded  by  elongated 
coUenchymatous  cells  that  they  appear  as  projecting  ribs  on  the  under  side  of 
the  leaf.  In  other  leaves  the  vascular  bundles,  especially  on  the  phloem  side,  are 
accompanied  by  sclerenchymatous  fibres.  Other  strands  of  sclerenchyma  which 
are  independent  of  the  vascular  bundles  are  often  met  with  in  the  liypoderma. 
Single  (k)  and  aggregate  crj-stals  {I'')  are  also  present  in  the  mesophyll  of  leaves. 
Often,  as  in  the  case  of  the  Beech,  cells  containing  single  crystals  accompany 
the  bundles  throughout  their  whole  course.  In  addition  to  crystal  cells,  all  the 
other  forms  of  secretory  cells  and  glands  may  exist  in  leaves. 

At  the  base  of  the  lamina  the  tissues  close  together  and  pass  into 
the  leaf  petiole.  The  dorsiventral  structure  of  the  leaf  becomes  less 
evident  in  the  petiole  ;  the  cells  become  more  elongated,  either  for 
the  better  performance  of  their  conductive  functions,  or  to  enhance 
the  mechanical  rigidity  of  the  tissue.  In  Angiosperms  the  partial 
cylinders  of  the  leaf,  usually  an  odd  number,  and  each  containing  a 
single  vascular  bundle,  arrange  themselves  in  regular  order  as  they 
pass  through  the  petiole,  and  frequently  form  a  bow-shaped  figure, 
opening  upwards.  On  entering  the  stem  the  vascular  bundles  of  the 
leaf  join  the  vascular  bundles  of  the  central  cylinder  ;  the  fundamental 
tissue  of  the  leaf-cylinders  becomes,  similarly,  united  with  the  corre- 
sponding tissue  of  the  central  cylinders.  In  the  petioles  of  Ferns,  the 
partial  cylinders  are  accompanied,  as  in  the  stem,  by  sclerenchymatous 
fibres.  It  is  the  peculiar  arrangement  of  these  brown-walled  scleren- 
chymatous plates  which  forms  the  double  eagle  apparent  on  cross- 
sections  of  the  petiole  of  Pteris  aquilina,  and  from  which  it  derives  its 
specific  name.  The  partial  cylinders  of  the  leaves  of  Pteridophytes 
also  join  the  partial  cylinders  of  the  stem,  and  their  corresponding 
elements  become  united. 

The  Course  of  Vascular  Bundles. — The  bundles  maintain  a  definite 
course  and  arrangement  within  the  bod}'  of  a  plant.  It  is  some- 
times possible,  by  maceration,  to  obtain  preparations  in  which  the 
course  taken  by  the  bundles  may  be  followed.  Similarly,  b}'  alloAv- 
ing  a  leaf,  stem,  or  flower  to  lie  in  water  until  it  has  become  softened 
and  disintegrated,  a  skeleton  formed  by  the  more  imperishable  vascular 
system  may  be  obtained. 

Vascular  bundles  which  pass  from  a  leaf  into  a  stem,  and  continue 
for  a  distance  in  a  distinct  course,  are  called  leaf-traces.  The  leaf- 
traces  may  be  composed  of  one  or  more  vascular  bundles,  and  are 
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accordingly  distinguished  as  one-strand  or  many-strand  leaf-traces. 
Sometimes  a  single  vascular  bundle  becomes  branched,  and  so  appears 
to  be  composed  of  more  than  one  bundle.  Eventually,  however,  each 
bundle  coalesces  with  another  entering  the  stem  from  a  lower  leaf. 
The  arrangement  of  the  bundles  in  a  stem  varies  according  to  the 
distance  and  direction  traversed  before  the  coalescence  of  the  bundles 
takes  place.  A  relatively  simple  bundle  arrangement  may  be  seen 
in  the  Equisetaceae.  In  this  family  the  leaves  are  arranged  in  alter- 
nating whorls.  From  each  leaf  a  one -strand  leaf- trace  enters  the 
stem ;  at  the  next  lower  node  each  bundle  bifurcates,  and  each  half 
coalesces  with  the  bundles  entering  the  stem  from  the  leaves  of  that 
node.  This  arrangement  of  the  bundles  may  be  shown  diagrammatic- 
ally,  by  representing  the  bundles  as  if  on  the  surface  of  an  unrolled 
cylinder,  so  that  they  all  appear  in  one  plane.  This  is  shown  in 
Fig.  131,  and  the  connections  of  the  bundles  of  the  lateral  branches 
with  the  bundles  of  the  parent  stem  are  also 
shown  {g).  As  the  branches,  in  the  case  of 
the  Equisetaceae,  alternate  with  the  leaves,  their 
bundles  on  entering  the  stem  are  between 
two  leaf-traces  of  the  same  node,  and  at  once 
become  fused  with  the  leaf-trace  which  has 
come  from  the  leaf  immediately  above  them  in 
the  next  higher  node.  The  arrangement  of  the 
bundles  in  the  Yew  (Taxus  baccata),  although 
its  leaf -traces  have  only  one  bundle,  is  much 
more  complicated  (Fig.  132),  for  the  bundles  ^/ 


maintain  a  distinct  course  throus-hout  twelve 


Fig.  131. —Diagram  showing 
the  course  of  tlie  vascular 
bundles  in  the  stem  of 
Equisetum  ar  venae.  g, 
Fusion  of  vascular  bun- 
dles of  tlie  lateral  shoots 
with  those  of  the  jmrent 
shoot. 


internodes  before  coalescing.  Each  bundle  at 
first  descends  in  a  straight  direction  through 
four  internodes  ;  it  then  curves  to  the  side  to 
give  place  to  a  newly-entering  leaf-trace,  with 
which  it  finally  coalesces  at  the  twelfth  inter- 
node.  The  position  of  a  leaf  necessarily  deter- 
mines the  point  of  entrance  of  its  leaf -trace  into  the  stem,  and 
accordingly  a  diagram  (Fig.  132)  of  the  bundles  of  Taxus  will  exhibit 
a  divergence  of  the  leaf-trace  corresponding  to  the  y%  divergence  of 
the  leaves.  The  course  taken  by  the  leaf-traces  in  the  stem,  however, 
is  independent  of  the  leaf  position,  and  varies  considerably  in  different 
stems,  although  the  divergence  of  their  leaves  may  be  the  same. 

As  a  general  rule,  the  leaf -trace  bundles  in  Gymnosperms  and 
Dicotyledons  arrange  themselves  in  a  circle  in  the  stem.  There 
are,  however.  Dicotyledons  in  which  the  vascular  bundles  form  two 
(Phytolacca  dioica,  Piper)  or  more  circles  (Amarantus,  Papaver,  Thalictrum). 
In  such  cases  the  inner  circle  is  usually  more  or  less  irregular. 

In  the  stems  of  Monocotyledons  (Fig.  124)  the  vascular  bundles 
are  scattered,  and  without  any  apparent  regular  order.   Their  irregular 
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arrangement  is  due  to  the  varying  distances  to  M-hich  the  bundles  of  the 
leaf-traces  penetrate  into  the  central  cylinder  of  the  stem.  A  common 
arrangement  of  the  bundles  in  monocotyledonous  stems  is  that  of  the 
so-called  Palm  type,  in  which  each  leaf-trace  consists  of  the  numerous 
bundles  which  pass  singly  into  the  stem  from  the  broad  leaf-base.  The 
median  bundle  penetrates  to  the  middle  of  the  stem.  The  depth  to 
which  the  lateral  bundles  penetrate  varies  with  their  remoteness  from 
the  median  bundle.  In  their  descending  course  the  bundles  gradually 
curve  outwards,  and  finally  join  other  bundles  near  the  periphery  of 


Fig.  132. — Diagram  showing  the  course  of  the  vascular  bundles  in  a  shoot  of  Tojms  Ixiccata. 

the  stem.  The  number  of  internodes,  therefore,  through  which  a  bundle 
passes  before  coalescence  is  variable ;  the  median  bundle,  however, 
continues  distinct  for  the  longest  distance.  The  deeper  penetration 
and  greater  length  of  the  median  bundle  become  apparent  in  a  median 
longitudinal  section  of  such  a  stem  (Fig.  133).  In  addition  to  the 
leaf-trace  bundles  or  co:\i:\[OX  bundles,  which  are  common  to  both  leaf 
and  stem,  there  are  others,  called  cauline  bundles,  which  belong  solely 
to  the  stem,  and  again  others,  foliar  bundles,  which,  on  entering  the 
stem  from  the  leaf,  at  once  coalesce  with  other  bundles  and  have  no 
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independent  existence  in  the  stem.  The  bundles  enclosed  in  the 
partial  central  cylinder  of  the  Pteridophytes  are  continued  as  cauline 
bundles  in  the  stem,  and  those  from  the  partial  cylinder  (Schizostele) 
of  the  leaves  join  on  to  the  bundles  of  the  stem. 

The  stems  of  many  Dicotyledons  (Begonias,  Aralias)  in  addition  to  leaf-traces 
possess  cauline  bundles,  which  are  situated  in  the  pitli  within  the  ring  of  leaf- 


Fi<;.  133.  —  Diagram  showing  the 
course  of  the  vascular  bundles 
of  Moiiocotylerlons  of  the  Palm 
type,  with  alternating,  two- 
ranked  amplexicaul  leaves.  The 
numbers  indicate  the  seqiience 
of  the  leaves  ;  m,  median  bundle. 
(After  De  Barv.) 


Fir;.  134.— Diagram  showing  the 
course  of  the  vascular  bundles 
in  a  seedling  of  Taxus  iMccaia. 

Cotyledons  ;  |,  course  of  the 
bundles  in  the  part  of  the  stem 
above  the  cotyledons:  ,  xylem; 
and  •,  phloem  after  their  sepa- 
ration. 


trace  bundles  of  the  internodes  ;  while  the  arrangement  of  the  bundles  at  the 
nodes  is  more  complicated,  as  the  cauline  bundles  then  branch  and  are  connected 
Avith  the  leaf-traces. 

AVithin  the  central  cylinder  of  roots,  the  xylem  and  phloem  strands 
pursue  their  vertical  direction  without  deviation.  If  the  changes 
occurring  in  the  arrangement  of  the  vascular  bundles,  during  their 
passage  from  the  hypocotyl  (p.  45)  into  the  root,  be  followed  in  a 
seedling,  it  will  be  found  that  the  xylem  and  phloem  portions  of 
collateral  bundles  separate  from  one  another,  and  at  the  same  time 
the  xylem  portions  twist  through  an  angle  of  180',  so  that  their 
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inner  sides  become  turned  outwards.  The  separation  of  the  xj'lem 
and  phloem  may  be  accomplished  without  any  further  division  of  the 
bundles,  the  xylem  and  phloem  portions  of  which  then  simply  arrange 
themselves  side  hy  side  ;  or  it  may  be  accompanied  by  a  complete 
radial  division  of  the  phloem,  and  a  subsequent  coalescence  between 
the  parts  of  the  phloem  of  different  bundles.  In  the  adjoining  figure 
(Fig.  134)  the  transition  stages  occurring  in  the  Yew  {Taxus  haccata) 
are  diagrammatically  shown.  The  two  vascular  bundles  from  the 
cotyledons  (cc),  in  their  passage  through  the  hypocotyl,  undergo  a 
radial  division  extending  through  the  phloem  to  the  protoxylem. 
The  two  halves  of  each  xylem  portion  separate  from  one  another, 
and  the  protoxylem  strands  turn  through  180^  and  thus  come  to  lie 
on  the  inner  side  of  the  xylem  strands.  The  two  halves  of  the  phloem 
portion  separate  from  each  other  in  a  tangential  direction,  and 
coalesce  with  the  phloem  portion  of  the  adjacent  bundle.  Thus,  in  the 
root,  two  phloem  strands  finall}'  alternate  with  two  xylem  strands. 
At  the  same  time,  owing  to  the  disappearance  of  the  pith,  there  is  a 
diminution  in  the  diameter  of  the  central  cylinder  of  the  roots. 

A  Special  Form  of  Growth  in  Thickness  of  the  Stem  by  means 
of  the  Continued  Enlargement  of  the  Fundamental  Tissue. — This 
is  often  exhibited  by  many  Palms.  Eichler  has  shown  that  growth 
in  thickness  is  solely  due  to  the  continued  expansion  of  the  already 
existing  cells  of  the  fundamental  tissue  of  the  central  cylinder.  In 
this  process,  by  the  expansion  of  the  cell  lumen  and  increased 
thickening  of  the  walls,  the  strands  of  sclerenchymatous  fibres  accom- 
panying the  vascular  bundles  on  their  phloem  sides  also  become 
greatly  enlarged.  In  this  form  of  growth  in  thickness,  which  appears 
to  be  limited  to  the  Palms,  no  new  elements  are  formed. 


The  Secondary  Tissues 

Through  the  activity  of  a  cambial  tissue,  functioning  either  as  a 
primary  or  secondary  meristem  (p.  90),  secondary  tissues  are  added 
to  the  previously  existing  primary  tissues,  or  even  substituted  for 
them.  Although,  phylogenetically  considered,  secondary  tissues  seem 
to  have  been  develoj^ed  first  in  the  Pteridophytes  in  forms  now  only 
known  in  a  fossil  condition,  Calamarieae,  Sigillarieae,  Lepidodendra,  they 
are  now  only  of  general  occurrence  in  the  Phanerogams,  and  in  them 
the  formation  of  secondary  tissues  is  almost  exclusively  confined  to 
the  roots  and  stems. 

The  Cambium  Ring*. — The  cambium  of  the  open  vascular  bundles  of 
Gymnosperms  and  Dicotyledons,  which  exhibit  a  growth  in  thickness, 
commences  its  activity  almost  directly  after  the  formation  of  the 
primary  tissue.  The  cambium  or  primary  meristem  remaining  between 
the  xylem  and  phloem  portions  of  the  bundles  consists  of  only  a  few 
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layers  of  thin-walled  cells  full  of  protoplasm.  Of  these  cambial 
layers  the  middle  one  is  termed  the  initial  layer  ;  and  from  it 
proceeds  the  development  of  new  tissue  elements.  Its  activity  consists 
in  a  continued  division  by  means  of  tangential  and  occasionally  radial 
walls.  The  new  cells  thus  continuously  given  off  toward  the  xylem 
and  phloem  sides  of  the  bundles  experience  another  tangential  division 
before  attaining  their  definite  form  as  elements  of  the  xylem  or  phloem 
portions.  The  vascular  bundles  of  Gymnosperms  and  Dicotyledons 
capable  of  secondary  growth  are  usually  arranged  in  a  circle.  After 
the  cambium  in  the  bundles  begins  its  activity,  a  zone  of  tangentially 
dividing  tissue,  called  the  interfascicular  cambium,  develops  in  the 
primary  medullary  rays  between  the  original  bundles,  and,  uniting 
with  the  cambium  in  the  bundles,  forms  a  complete  cambium  ring. 
This  cambium  ring  is  thus  composed  of  two  distinct  forms  of  meri- 
stematic  tissue ;  for  while  the  cambium  of  the  bundles  or  the  FASCI- 
CULAR CAMBIUM  consists  of  primary  meristem  (p.  90),  the  connecting 
zone  of  interfascicular  cambium  is  of  later  development,  and  is  con- 
sequently a  secondary  meristem  (p.  90).  A  cross-section  of  a  young- 
stem  of  Aristolochia  Sipho,  with  the  cambium  ring  in  process  of 
formation,  is  represented  in  Fig.  135;  in  Fig.  136  a  single  bundle 
of  the  same  cross-section,  more 
highly  magnified,  shows  the  fas- 
cicular cambium  in  a  condition 
of  active  division.  Within  the 
bundle  may  be  seen  two  large 
vessels  (m"),  in  a  still  incom- 
plete state ;  while  in  the  ad- 
joining fundamental  tissue  the 
cells  which  give  rise  to  the  in- 
terfascicular cambium  may  be 
plainly  distinguished.  All  the 
tissue  arising  from  the  inner 
side  of  the  cambium  ring  goes 
to  form  the  WOOD,  while  that 
produced  on  the  outside  is  fig.  135 
termed  BAST.  The  vascular 
portions  of  the  wood  form  the 
WOOD  STRANDS,  the  sieve  por- 
tions within  the  bast  the  BAST 
STRANDS.  By  the  activity  of 
the  interfascicular  cambium,  the 
primary  medullary  rays  are  continued  throughout  both  the  wood 
and  bast.  As  the  wood  and  bast  strands  enlarge,  secondary 
MEDULLARY  RAYS  are  developed  from  the  fascicular  cambium.  In 
one  direction  the  secondary  medullary  rays  terminate  blindly  in  the 
wood,  and  in  the  other  in  the  bast ;  the  later  they  develop,  the 


Transverse  section  of  a  stem  of  Aristo- 
lochia Sipho  5  mm.  in  thickness,  ni,  Medulla  ; 
fv,  vascular  bu*?idle  ;  li,  xylem  ;  ch,  phloem  ;  fc, 
fascicular  cambium  ;  /./;■,  interfascicular  cam- 
bium ;  p,  phloem  parenchyma ;  pc,  pericycle  ; 
sk,  ring  of  sclereuchyma ;  e,  starch -sheath'; 
c,  primary  cortex  ;  cl,  collenchyma  in  primary 
cortex.    ( X  9.) 
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less  deeply  they  penetrate  the  tissues  on  either  side  of  the  cambium. 
The  primary  medullary  rays  are  therefore  often  distinguished  as 
long,  the  secondary  as  short  medullary  rays.  The  expression  trans- 
verse parenchyma  is  also  sometimes  used  to  designate  the  medullary 

....  ,—,^1-^/'^:'','-,. 


Fir;.  13(>. — Traiisver.se  section  of  a  stem  of  ^4ri.s;o?oc7(  (Vr  Siplio  in  the  first  year  of  its  growth,  sliow- 
•*        ing  a  vascular  bundle  with  (j^inbiuni  in  active  division,    p,  Vascular  parenchyma  ;  vlp,  proto- 
^'  xylem  ;  vi'  and  m",  vessels  with  bordered  pits  ;  ic,  interfascicular  cambium  in  continuation 
with  the  fascicular  cambium  ;  r,  sieve-tubes  ;  chp,  inotophloem  ;  pc,  pericycle  ;  si:,  inner  part 
of  ring  of  sclerenchymatous  fibres,    (x  130.) 


rays,  which  in  fact  are  composed  almost  exclusively  of  parenchymat- 
ous tissue.  The  cells  given  off  by  the  initial  layer  of  the  cambium 
for  the  formation  of  medullary  rays  do  not  undergo  a  further  division, 
as  in  other  cases,  but  assume  at  once  the  character  of  medullary  ray 
cells. 

The  cambium  cells  have,  for  the  most  part,  the  shape  of  right-angled  prisms,  of 
which  the  radial  diameter  is  smaller  than  the  tangential.    The  ends  of  these  prisms 
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are  usually  one-sided,  tapering  to  a  pointy  alternately  on  the  right  and  left  sides.  TLe 
length  of  the  cambium  cells  varies  in  different  plants,  but  those  jBrom  which  medul- 
lary raj^  are  formed  are  the  shorter.  The  primary  rascular  portions  of  the  bundles 
projecting  into  the  medulla  constitute  what  is  known  as  the  irEDULLARY  sheath. 


Owing  to  climatic  variations,  the  cambium  tissue  of  woody  plants 
exhibits  a  peri«xlical  activity  which  results  in  the  formation  of 
AXNTAL  RES'GS  ot  growth  (Figs.  137.  139,  145).  In  spring,  during  the 
period  of  energetic  growth,  larger  tracheal  elements  are  developed 
than  in  the  following  seasons  (Figs.  139,  l-^:^3^.    For  this  reason  a 


;  /  m 


YiG.  137.— PartKm  of  a  foor-Ttar-old  slem  of  the  Kne,  i*t»ii«  sjirestris,  cut  ia  winter,  Trans- 
;  I,  ndM  tiev ;  f,  tauDgential  \iew ;    eailj  wood ;     late  wood ;  m,  medulla  ;  p, 
1,  2,  3,  4^  the  four  snceessire  anniol  ri^s  of  ths  wood ;  t,  jimetian  of  fiie  wood 
jeais ;  mu^  wtM\        mednllarx  njs  in  tnnsrerae,  ndnl,  and  tangoitial  Tiew : 
w^,  ndM  Tiew  of  medoDazy  nys  in  the  Inst ;     camlmim  ring ;  h.  test ;  res 
lark  external  to  the  first  periderm  layn-.  correspontimg  to  the  isimaiy  cortex.   (  x  6.> 


difference  is  perceptible  between  the  early  wood  (spring  wood),  which 
is  composed  of  large  elements  especially  active  in  the  conveyance 
of  water  (Fig.  139,  and  the  late  wood  (autumn  wood*,  consisting 
of  narrow  elements  which  impart  to  a  stem  its  necessary  rigidity  (Fig. 
139,  >).  Throughout  the  greater  part  of  the  temperate  zone,  the  forma- 
tion of  wood  ceases  in  the  latter  part  of  August,  until  the  following 
spring,  when  the  larger  elements  of  the  spring  wood  are  again 
developed.  Through  the  consequent  contrast  in  the  structure  of  the 
early  and  the  late  wood,  the  Hmits  (Fig.  137,  i)  between  successive 
annual  rings  of  growth  become  so  sharply  defined  as  to  be  visible 
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even  to  the  naked  eye,  and  so  serve  as  a  means  of  computing  the  age 
of  a  plant. 

Under  certain  conditions  the  number  of  annual  rings  may  exceed  the  number  of 
years  of  growth,  as,  for  instance,  when  midsummer  growth  occurs,  such  as  commonly 
happens  in  the  Oak,  when,  after  the  destruction  of  leaves  by  caterpillars,  a  second 
formation  of  spring  Avood  is  occasioned  by  tlie  new  outgrowths  thus  induced.  In  the 
wood  of  tropical  plants  the  annual  rings  may  be  entirely  absent.  This  occurs,  for 
example,  in  the  tropical  Conifers  of  the  genus  Araucaria,  which,  in  this  respect, 
show  a  marked  contrast  to  the  Conifers  of  the  northern  zone.  Any  interruption  of 
growth,  such  as  would  occur  during  a  drought,  followed  by  a  period  of  renewed 
activity,  may  occasion  the  formation  of  annual  rings  even  in  tropical  plants. 

Although  a  cessation  in  the  formation  of  wood  takes  place  so 
earl}',  the  cambium  tissue  continues  to  form  bast  so  long  as  climatic 
conditions  permit.  As  a  rule,  however,  fewer  elements  are  added 
to  the  bast  than  to  the  wood.  Up  to  a  certain  period,  in  the  age 
of  woody  plants,  the  elements  of  both  Avood  and  bast  exhibit  a 
progressive  increase  in  size. 

The  living  elements  may  remain  in  a  state  of  greater  or  less  activity 
throughout  the  whole  of  the  Avood,  extending  even  to  the  pith ;  such 
wood  is  called  splint  wood  :  the  Beech  (Fagus  sylvatica)  may  be  quoted 
as  an  example ;  in  the  other  wood,  the  heart-wood,  the  living  elements 
die  after  a  certain  time,  so  that  only  dead  tissues  are  found  within  a 
certain  distance  of  the  cambium.  Before  the  death  of  the  living  cells, 
they  usually  produce  certain  substances,  such  as  tannin  and  gums, 
which  penetrate  the  cell  walls  of  the  surrounding  elements,  and  also 
partially  close  their  cavities. 

The  tannins  impart  to  the  dead  wood  a  distinct  colour,  often  very 
characteristic,  especially  when  it  has  been  transformed  into  wood 
dyes,  or  so-called  xylochrome.  The  tannin  in  the  woody  walls  acts 
as  a  preservative  against  deca}^,  while  the  gums  close  the  functionless 
water-courses  of  tire  dead  wood.  The  dead  portion  of  the  wood  of 
a  stem  is  called  the  heart- WOOD  or  duramen,  in  contrast  to  the  living 
SAP-WOOD  or  ALBURNUM.  Usually  the  splint  or  sap-wood  is  at  once 
distinguishable  from  the  heart-wood  by  its  lighter  colour.  In  some 
stems,  however,  the  heart-wood  does  not  change  its  colour.  In  that 
case,  as  the  protecting  materials  are  generally  absent,  it  is  liable  to 
decay,  and  then,  as  so  often  occurs  in  the  willow,  the  stem  becomes 
hollow. 

The  sap-Avood  is  limited,  according  to  the  kind  of  wood,  to  a  larger  or  smaller 
number  of  the  younger  annual  rings,  and  to  it  falls  the  task  of  Avater-conduction. 
The  distinction  betAveen  sap-  and  heart -Avood  is  sharpest  AA-here  the  latter  is 
dark-coloured,  as  in  the  Oak,  Avith  its  broAA  n  heart-wood,  and  in  species  of  Dios- 
pyros,  Avhose  black  heart-wood  furnishes  ebony.  The  darker  the  heart-Avood,  the 
harder  and  more  durable  it  usually  is.  The  folloAA'ing  may  be  mentioned  as  examples 
of  Avoods  Avhich  yield  dyes  and  colouring  principles — Hacmatoxylon  campcchianum, 
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}.  138.  —  Transverse  section  of  a  vessel  from 
the  heart-wood  of  Robinia  Psevdacacio,  closed 
by  tyloses  ;  at  a,  a  is  shown  the  connection 
between  tlie  tyloses  and  the  cells  from  which 
they  have  been  formed,    (x  300.) 


L.  (Campeachy  wood,  logwood),  with  a  blue  lieart-Avood  from  which  h^ematoxylix 
is  extracted  ;  Pteroearpus  santalinus,  L.  fil.  (red  sandal-Avood),  from  the  heart-wood 
of  which  SANTALIN  is  obtained ;  Caesal- 
pinia  brasiliensis,  L.,  and  C.  echinata, 
Lam.  (Brazil  wood,  Pernambuco  wood), 
with  a  red  heart- wood  which  supplies 
BRASILIN ;  and  the  Alsage  Orange, 
Madura  aurantiaca,  Nutt.  (yellow  Brazil 
wood),  which  has  a  yellow  heart-wood 
from  which  MORIN  is  derived. 

Tyloses  (Fig.  138)  are  also  instru- 
mental in  closing  the  water-courses  of 
the  heart-wood.  These  are  intrusive 
growths  from  living  cells,  which  pene- 
trate the  cavities  of  the  adjoining 
tracheal  elements  during  the  transition 
of  the  sap-wood  into  heart-wood.  In 
the  formation  of  tyloses  the  closing 
membrane  of  the  pits  of  pitted  vessels 
forms  bulging  ingrowths  into  the  vessel 
cavities.  Such  bulging  ingrowths  in- 
crease in  size  until  several  meet,  and  so 
more  or  less  completely  close  the  cavities 
of  the  vessels  into  which  they  have  in- 
truded. The  closing  membrane  of  the 
bordered  pits  in  the  heart-wood  is  pushed  to  one  side,  so  that  the  torus  presses 
against  the  opening  of  the  pit  and  completely  closes  it.  According  to  H. 
Mayr,  resin  does  not  penetrate  the  walls  of  wood  cells  under  normal  conditions  ; 
the  wood  of  Conifers  only  becomes  resinous  through  the  impregnation  of  the  cell 
walls  with  resin,  alter  they  have  become  dried  up  through  wounds  or  other  causes. 
The  resin-ducts  of  Conifers  may  also  be  closed  by  the  formation  of  tyloses. 

The  elements  of  secondary  growth  in  Gymnosperms  and  Dicoty- 
ledons differ.  The  vascular  strands  of  Gymnosperms  are  composed 
almost  exclusively  of  tracheids  (Fig.  139).  These  are  provided  with 
bordered  pits  which  are  situated,  for  the  most  part,  in  their  radial 
walls.  With  the  exception  of  the  genus  Uphedra,  true  vessels  are  not 
found  in  the  secondary  growth,  nor  in  the  primary  vascular  portions,  of 
the  bundles  of  Gymnosperms.  The  wood  produced  by  the  cambium 
consists  of  radial  rows  of  tracheids,  the  number  of  which  is  occasionally 
doubled  by  the  radial  division  of  a  cambium  cell  (Fig.  139,  a).  The 
tracheids  of  the  early  wood  (/)  are  distinguishable  from  the  late 
tracheids  (s)  by  their  larger  lumina. 

In  the  Pine,  the  early  as  well  as  the  late  tracheids  have  bordered  pits  in  their 
radial  Avails  only  ;  while  in  other  Conifers  they  are  present  also  in  the  tangential 
walls  of  the  later-formed  tracheids.  The  bordered  pits  in  the  early  tracheids  are 
not  only  more  numerous,  but  also  larger  than  those  in  the  later  tracheids  (Fig. 
141,  t).  The  tracheids  are  often  over  a  metre  long,  much  longer  than  the  cambium 
cells  from  which  they  are  developed.  They  attain  this  length  by  a  subsequent 
growth,  during  which  their  growing  ends  become  pushed  in  between  one  another. 
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In  addition  to  the  tracheids,  small  amounts  of  wood  parenchyma 
are  also  produced  in  Gymnosperms  by  a  transverse  division  of  the 
cambium  cells.  It  is  in  the  parenchymatous  cell  rows  of  the  wood  of 
Pines,  Spruce-Firs,  and  Larches  that  the  schizogenous  resin-ducts  are 
produced  (Fig.  139,  li).  In  other  Conifers  the  wood  parenchyma  con- 
sists of  simple  rows  of  cells,  which  afterwards  become  filled  with  resin. 

In  the  structure  of  their  secondary  tissue  the  wood  strands  of 
Dicotyledons  exhibit  a  great  variety  of  form.  These  structural  differ- 
ences may,  however,  be  i-educed  to  a  few  phylogenetic  variations.  In 
fact,  it  is  customary  to  derive  all  the  elements  entering  into  the  forma- 


17t 


Fr;.  13<>.— Transverse  section  of  the  wood  of  a  Pine  at  the  junction  of  two  annual  rings.  /,  Early 
wood;  s,  late  wood;  t,  bordered  pit;  a,  iuterjjosition  of  a  new  row  of  tracheids  resultiii-^  from 
the  radial  division  of  a  cainhiuui  cell  ;  li,  resin  canals;  m,  medullary  rays;  (j,  limit  of  late 
wood,  (x-240.) 

tion  of  the  wood  of  Dicotyledons  from  the  two  classes  of  tissue  already 
met  with  in  the  Gymnosperms,  tracheal  tissue  and  the  parenchymatous 
tissue  of  the  wood.  To  the  tracheal  tissue  belong  the  tracheids  (Fig. 
143,  t)  and  the  vessels  {g).  Under  the  parenchymatous  tissue  of  the 
wood  are  included  wood  parenchyma  (Fig.  144,  hp),  with  relatively 
short  cells  rich  in  contents ;  fibrous  cells  (ef),  of  greater  length,  but 
with  similar  contents  and  not  more  strongly  thickened ;  and  wood 
FIBRES  (A),  which  are  usually  greatly  elongated,  pointed  at  both  ends 
and  strongly  thickened. 

The  tracheal  tissue  consists  of  elements  which  lose  tlieir  living  contents  at 
an  early  stage,  and  in  their  fully -developed  condition  are  in  reality  only  dead 
cell  cavities.    In  this  class  are  included  thacheids  having  relatively  Avide  luniina 
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and  large  bordered  pits  Fig.  Ii3,  t),  and  often  also  spirally  thickened  tracheids 
which,  serve  as  water-carriers  :  vasculai:  tracheids  \ijt),  with  similar  functions, 
but  with  the  stractare  and  thicken- 
ings of  vessels ;  fibre  tracheids;  ""^-"^^^^^ 
(//f\  with  small  lumina  and  pointed  ^  ^  —  "> 
ends,  having  only  small,  obliquely 
elongated  bordered  pits,  and,  in  ex- 
treme cases,  exercising  merely  me- 
chanical functions  :  and  finally  tra- 
cheae [g),  formed  by  cell  fusion,  and 
provided  with  all  the  different  forms 
of  thickenings  by  which  they  are 
distinguished  as  annular,  spiral, 
reticulate,  or  pitted  vessels.  All 
vessels  function  as  water-carriers.  If 
they  have  small  lumina  and  resemble 
tracheids,  they  may  be  distinguished 
as  TRACHEIDAL  VESSELS  itg"^ ;  if,  as  is 
generally  the  case,  they  have  bordered 
pits  on  their  lateral  walls,  they  are 
usually  provided  with  tertiary  thick- 
ening layers  in  the  form  of  thin  spiral 
bands  (Fig.  liS,  m).  In  the  paren- 
chymatous tissue  of  the  wood,  the 
cells  (Fig.  144)  generally  retain  their 
living  contents,  and  never  develop 
true  bordered  pits  with  a  torus  in 
the  closing  membrane,  which  are 
so  characteristic  of  the  water-con- 
ducting elements.  All  tissues  of  this  class  may  be  best  derived  from  wo«xl 
parenchyma.  The  wood  parenchyma  is  produced  by  transverse  divisions  of 
the  cambitmi  cells,  and  accordingly  consists  of  rows  of  cells  (hp)  with  transverse 
division  walls,  and  others  obliquely  disposed,  which  correspond  to  the  alternately 
differently  pointed  ends  of  the  cambium  mother  cells.  The  cells  of  the  wood 
parenchyma  are  provided  with  simple  round  or  elliptical  pits,  varying  in  size  in 
different  kinds  of  wood  ;  they  generally  contain  starch  ;  and  some  of  them  also 
take  up  by-products,  resulting  from  metabolism,  or  from  the  chemical  changes  taking 
place  within  a  plant  in  the  processes  of  its  nutrition  and  growth.  The  cells  having 
the  closest  resemblance  to  those  of  typical  wood  parenchyma  are  the  so-called 
FBBRors  CELLS  {ef}.  In  their  contents,  as  well  as  in  their  wall  thickenings,  they 
are  similar  to  the  cells  of  wood  parenchyma,  but  are  formed  directly  from  one 
entire  cambium  celL  In  their  formation,  the  cells  of  the  cambium  tissue  do  not 
undergo  a  transverse  division,  but  become  more  or  less  elongated  and  fibrous.  The 
IXBRIFORM  FIBRES  or  WOOD  FIBRES  {h)  have  a  similar  origin,  but  are  even  more  elon- 
gated and  have  thicker  walls,  and,  at  the  same  time,  narrow,  obliquely  elongated, 
simple  pits.  Although  the  wood  fibres  may  continue  living,  in  the  more  extremely 
developed  forms  {h^  they  lose  their  living  contents.  They  are  then  filled  with 
air,  and  their  fanction  is  merely  mechanical.  Under  certain  conditions,  by  later 
transverse  divisions,  the  libriform  fibres  may  become  transformed  into  septate 
wcM>D  FIBRES  {gh).  The  transverse  septa  thus  formed  remain  thin,  and  form 
a  strikLnci  contrast  to  the  more  stronsrlv  thickened  lateral  walls. 


Fig.  140.— Part  of  a  transverse  section  of  the  stem 
of  a  Pine,  Late  wood  ;  c,  cambium ;  v,  sieve- 
tabes  :  p,  bast  pareuch\-ma ;  k,  cell  of  bast 
parenchjTiia,  containing  crystal ;  cc,  sieve-tubes, 
compressed  and  functionless ;  m,  me<lullarj-  ray. 
(X  240.) 
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While  the  tracheal  tissues  are  engaged  in  providing  for  the  conduc- 
tion of  water,  the  duty  of  conducting  and  storing  the  products  of 
assimilation,  in  particular  the  carbohydrates,  is  performed  by  the 
parenchymatous  tissues  of  the  wood.  Both  forms  of  tissue,  however, 
aid  in  maintaining  the  rigidity  and  elasticity  of  the  plant  body,  and,  in 
their  most  extreme  development,  furnish  such  elements  as  the  fibre 
tracheids  on  the  one  hand,  and  on  the  other  the  empty  wood  fibres, 
which  are  only  capable  of  performing  mechanical  functions. 

The  wood  of  Dicotyledons  is  made  up  of  the  elements  of  these 
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Fig.  141.— Radial  section  of  a  Pine  stem,  at  the  junction  of  tlie  wood  and  bast,  s.  Late 
tracheids ;  t,  bordered  pits  ;  c,  cambium ;  v,  sieve-tubes  ;  vt,  sieve-pits ;  tm,  tracheidal  medul- 
lary ray  cells;  sm,  medullary  ray  cells  in  the  wood,  containing  starch;  sm',  the  same,  in  the 
bast;  em,  medullary  ray  cells,  with  albuminous  contents,    (x  240.) 

two  classes  of  tissue,  the  tracheal  and  the  parenchymatous,  but  all  the 
diiferent  elements  are  not  necessarily  represented  in  any  one  kind 
of  wood. 

Drimys,  a  genus  closely  allied  to  tlie  Magnolias,  is  the  only  Dicotyledon  of 
which  the  wood  is  formed  solely  of  tracheids.  This  Dicotyledon  closely  resembles 
the  Conifers  in  structure.  In  numerous  Legu7)iinosae,  Willows,  Poplars,  and  species 
of  Ficus,  on  the  other  hand,  the  tracheal  tissues  are  only  represented  by  vessels, 
Avliich  perform  the  task  of  water-conduction.  In  the  wood  strands  of  these  plants 
there  are  also  present  wood  parenchyma  and  a  large  amount  of  wood  fibres,  which 
contain  only  air.  In  Maples,  on  the  contrary,  the  wood  fibres  contain  living  proto- 
plasm and  starch  ;  this  circumstance  renders  tlie  formation  of  wood  parenchyma 
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in  Maples  to  some  extent  superfluous,  and  it  is  therefore  sparingly  developed.  In 
addition  to  wood  fibres  the  Maple  chiefly  develops  vessels,  while  the  formation  of 
tracheids  is  restricted  to  the  late  wood.  The  mechanical  elements  of  the  w^ood  of 
the  Ivy  {Hedera  Helix)  and  Grape- Vine  ( Vitis  vinifera)  are  septate  wood  fibres.  In 
Oaks,  Beeches,  and  in  the  Rosiflorae  wood  fibres  are  absent,  and  the  necessary  rigidity 
is  provided  for  by  fibre  tracheids.  The  wood  of  the  Lime  (Figs.  145-148)  is  composed 
of  vessels  (Fig.  146,  m),  tracheids  {t),  wood  parenchyma  {p),  and  wood  fibres  {I). 


07 


Fig.  142.— Tangential  section  of  the  late 
wood  of  a  Pine,  t,  Bordered  pit;  tm, 
traclieidal  medullary  ray  cells;  sm, 
medullary  ray  cells  containing  starch ; 
et,  pit  bordered  only  on  one  side;i, 
intercellular  space  in  the  medullary 
ray.    (x  240.) 


Fig.  143.— Elements  of  the 
wood ;  diagrammatic, 
text.) 


tracheal  tissue  of  the 
(For  description,  see 


The  vessels  and  tracheids  form  radial  rows,  alternating  with  rows  of  wood  fibres. 
In  the  early  wood  wide  pitted  vessels  are  produced,  the  formation  of  which  after- 
wards ceases,  and  in  the  late  wood  only  tracheids  are  formed  (Fig.  146,  t).  The 
annual  rings  are  thus  sharply  defined  (Fig.  146,  t).  The  new  vessels  of  the  succeeding 
spring  join  the  tracheids  of  the  previous  year,  and  in  this  way  a  sufiicient  connection 
for  the  water  transjjort  is  obtained.  All  transitional  forms  between  vessels  and 
tracheids  are  to  be  found  in  the  wood  of  the  Lime.  Besides  bordered  pits,  tertiary 
spiral  thickenings  are  also  developed  in  the  tracheal  elements.  The  wood  fibres 
(Figs.  146,  147,  148,  I)  are  relatively  thin-walled,  with  wide  cavities  and  narrow 
elongated  pits,  and  contain  air.  The  wood  parenchyma  (Figs.  146,  148,  p)  forms 
interrupted  tangential  bands. 
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The  tracheal  water-courses  in  the  wood  of  Dicotyledons  are  more 
or  less  completely  isolated  from  each  other.  Their  isolation  is  the  more 
complete  where,  as  in  the  Leginninosae^  Willow,  and  Ficus,  vessels  are 
the  only  water-carriers.  If  both  tracheae  and  tracheids  are  present, 
as  in  the  Lime,  then  the  tracheids  unite  the  tracheae  together  and  the 
conduction  of  water  is  rendered  possible  in  all  directions.  In  an}- 
case,  a  union  exists  at  the  junction  of  the  annual  rings,  between  the 


Fig.  144.— Elements  of  the 
pareiicliyniatous  tissue  of 
the  wood ;  diagrainmatic. 
(For  description,  see  text.) 

tracheal  tissues  of  successive  years.  Large  vessels  are  characteristic  of 
climbing  woody  plants  (Lianes,  Fig.  151),  but  they  are  accompanied 
by  smaller  ones,  with  which  they  are  in  communication.  When 
both  large  and  small  vessels  are  ^^resent  together,  the  smaller  appear 
to  act  as  water-carriers,  while  the  larger  are  utilised  as  water-reservoirs. 
Whenever  communication  takes  place  between  tracheal  elements,  and 
it  always  occurs  when  they  are  in  direct  contact,  it  is  efi'ected  by 
means  of  bordered  pits  or  actual  openings.    The  distribution  of  the 


Fig.  145. — Transverse  section  of  a  stem  of  Tiliu 
'parvifolia,  in  the  fourth  year  of  its  growth. 
pr.  Primary  cortex;  c,  cambium  ring;  cr,  bast; 
pm,  primary  medullary  ray;  pm' ,  expanded  ex- 
tremity of  a  primary  medullary  ray ;  sm,  second- 
ary medullary  ray ;  g.  limit  of  third  year's  wood. 
(XG.) 
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living  elements  in  the  wood  strands  always  bears  a  distinct  relation  to 
the  water-courses  which  they  accompany,  enclosing  them  in  a  more  or 
less  complete  sheath.  The  living  cells  adjoining  the  tracheal  elements 
are  in  communication  with  them  by  means  of  one-sided  bordered  pits. 
When  such  pits  occur  in  living  cells  the  pit  cavities  are  absent,  but 
present  in  the  case  of  tracheal  elements  ;  they  differ  from  the  true 
bordered  pits  in  the  absence  of  a  torus  on  the  pit-closing  membrane,  and 
in  beins:  unliornified.  No  communication  exists  between  the  tracheal 
elements  and  the  dead  wood  fibres  ;  in  cases  where  they  adjoin  each 


Fk;.  14(3. --Portion  of  a  transverse  section  of  the  wood  oi:  Tilia  jnirvifoUa.    m,  Large  pitted  vessel; 
f,  traclieids  ;  /,  wood  tibre;  p,  wood  i^arenchynia  ;  r,  medullary  ray.    (x  o40.) 

other  there  are  either  no  pits  developed  or  they  are  extremely  small 
and  few  in  number. 

The  elements  of  the  bast  strands  of  Gymnosperms  and  Dicoty- 
ledonous woody  plants  may  be  referred,  just  as  in  the  case  of  the 
wood  strands,  to  two  distinct  forms  of  tissue,  the  sieve-tube  and  the 
PARENCHYMATOUS  portion.  The  former  is  composed  of  sieve-tubes,  or 
sieve-tubes  with  their  companion  cells.  Its  function  is  the  conduction 
of  proteid  material ;  that  of  the  parenchymatous  tissue,  on  the  other 
hand,  is  the  conduction  of  the  carbohydrates  and  the  absorption  of  the 
by-products  of  metabolism.  The  phloem  tissues  remain  functional  only 
a  short  time,  they  afterwards  lose  their  contents  and  become,  for  the 
most  part,  crushed  and  disorganised. 
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In  the  bast  strands  of  Gymnosperms,  the  phloem  elements  produced 
by  the  cambium  (Fig.  140,  c)  consist  solely  of  sieve-tubes,  the  paren- 
chymatous cells  of  the  bast  parencliyma  {p  and  k),  and,  in  certain  cases, 
of  bast  fibres.  These  elements  of  the  bast  generally  form  alternating 
bands. 


In  the  Pine  and  other  related  Ahietincae  the  bands  of  sieve -tubes  are  in- 
terrupted only  by  bands  of  bast  parenchyma  containing  starch  (Fig.  140,  x>),  and 


Fig.  148. — Tangential  section  of  tlie  wood 
of  Tilia  parvifolia.  m,  Pitted  vessel ; 
f,  spiral  tracheids ;  p,  wood  paren- 
chyma;  I,  wood  fibres;  r,  medullary 
rays,    (x  160.) 


also  tannin-like  substances  and  crystals  (k)  deposited  in  single,  vertical  rows  of 
cells.  Other  Conifers,  the  Ara'i(c(fric(fc,  Taxincae,  and  some  of  the  Cuprcssineae, 
exhibit  definite,  vertical  rows  of  bast  parenchyma  cells  which  are  characterised  by 
their  abundant  albuminous  contents.  These  cells  stand  in  close  relation  to  the 
sieve-tubes  and  take  the  place  of  companion  cells,  Avhich  are  not  found  in  Gymno- 
sperms. In  the  bast  of  the  Taxincae,  Cuprcssineae,  and  other  nearly  related 
families  there  also  occur  tangential  bands  of  strongly  thickened  bast  fibres, 
which  alternate  regularly  with  tangential  bands  of  sieve  -  tubes  and  bast 
parenchyma. 
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Crystals  of  calcium  oxalate  may  be  deposited  in  the  thickening  layers  of  the 
bast  fibres,  or  in  their  middle  lamella.  The  single  elements  composing  the  sieve- 
tubes  communicate  by  means  of  terminal  sieve-plates.  The  sieve-tubes  of  Conifers 
have  also  sieve -pits  on  their  radial  walls,  which  (Fig.  141,  vt)  correspond  in 
position  to  the  bordered  pits  of  tracheids.  At  a  certain  distance  from  the  cambium 
the  sieve-pits,  both  terminal  and  lateral,  become  overlaid  by  callus-plates.  During 
the  vegetative  period  following  their  development,  the  sieve-tubes  become  empty 
and  compressed  together  (Fig.  140,  cv).  The  rows  of  bast  parenchyma  cells  con- 
taining albuminous  substances,  which  are  found  in  some  Conifers,  undergo  dis- 
organisation at  the  same  time  as  the  adjacent  sieve-tubes  ;  the  bast  parenchyma 
cells  which  contain  starch,  on  the  other  hand,  continue  living  for  years,  and  even 
increase  in  size,  while  the  sieve-tubes  become  disorganised. 

The  elements  of  the  phloem  tissue  included  in  the  bast  strands  of 
woody  Dicotyledons  are  represented  by  SIEVE-tubes  and  COMPANION 
CELLS.  To  the  parenchymatous  tissues  of  the  bast  belong  BAST  PAREN- 
CHYMA, BAST  FIBRES,  and  transitional  forms  between  them.  The  bast 
fibres,  like  the  fibres  of  the  wood,  may  occur  in  an  unthickened  form 
as  FIBROUS  CELLS,  either  with  or  without  living  contents,  or  they  may 
be  filled  with  starch,  and  finally  may  become  septate. 

The  bast  parenchyma  conducts  and  stores  the  carbohydrates,  and 
also  takes  up  the  by-products  of  metabolism,  even  to  a  greater  degree 
than  the  parenchymatous  tissues  of  the  wood.  Just  as  in  the  case  of 
the  Gymnosperms,  the  sieve-tubes  of  Dicotyledons  remain  functional 
but  for  a  short  time,  afterwards  becoming  empty  and  compressed. 
The  companion  cells  experience  the  same  fate  as  their  sister-cells,  the 
sieve-tubes^  while  the  starch  -  containing  bast  parenchyma  remains 
active  for  many  years.  The  different  appearance  presented  by  the 
bast  of  various  woody  Dicotyledons  is  due  to  the  larger  or  smaller 
lumen  of  the  sieve-tubes,  to  the  presence  or  absence  of  bast  fibres,  and 
also  to  the  manner  of  distribution  of  the  component  elements. 

An  example  of  bast  with  an  especially  regular  arrangement  is  afforded  by  the 
Lime  (Fig.  149).  In  a  cross-section,  even  under  a  low  magnifying  power,  an 
alternation  of  shining  white  and  dark  -  coloured  tangential  bands  is  noticeable. 
When  more  highly  magnified,  it  can  be  readily  seen  that  the  white  bands  consist  of 
strongly  thickened  bast  fibres  (Fig.  149,  I).  Adjoining  them,  there  follow,  towards 
the  periphery,  one  layer  of  bast  parenchyma  cells  {p),  then  a  zone  of  wide  sieve- 
tubes  {v)  and  small  companion  cells  (c)  ;  next  to  these  come  two  layers  of  bast 
parenchyma  {p),  abundantly  supplied  with  starch,  and  followed  by  a  single 
interrupted  layer  of  bast  parenchyma  cells  containing  crystals  {k),  and  finally, 
another  band  of  bast  fibres  {I).  The  farther  removed  the  sieve -tubes  and  companion 
cells  are  from  the  cambium,  the  more  crushed  they  become,  until  ultimately  they 
appear  as  a  compressed  mass  of  cell  walls  without  cell  cavities. 

The  medullary  rays  of  the  Gymnosperms  (Fig.  137,  ms)  and  woody 
Dicotyledons  (Fig.  145,  prii,  sm)  form  radial  bands,  composed  wholly 
or  in  part  of  parenchymatous  elements.  Their  function  is  to  supply 
the  cambium  and  wood  with  the  products  formed  in  the  leaves 
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and  conveyed  away  by  the  bast.  The  medullary  rays  in  this 
way  link  together  by  radial  bands  of  liAdng  cells  the  protoplasm-con- 
taining elements  of  the  bast  and  wood,  thus  uniting  all  the  separate 
living  tissues  of  the  stem.  The  medullar}'  rays  are  in  turn  accom- 
panied or,  if  many  -  layered,  traversed  by  intercellular  air-cavities, 
which,  beginning  in  the  periphery  of  the  stem,  penetrate  the  cambium 
and  communicate  with  all  the  intercellular  spaces  throughout  the 
living  elements  of  the  wood  and  bast.  All  the  living  elements  are 
kept  in  communication  with  the  atmosphere  by  means  of  the  inter- 


FiG.  149.— Portion  of  a  transverse  section  of  the  bast  of  T'd  'm  imrvifoUa.  v,  Sieve-tubes  ;  v*,  sieve- 
plate  ;  c,  companion  cells  ;  cells  of  bast  parenchyma  containing  crystals ;  bast  paren- 
chyma ;  ?,  bast  fibres  ;     medullary  ray.    ( x  r340.) 

cellular  spaces  of  the  medullary  rays,  and  the  necessary  interchange 
of  gases  is  thus  rendered  possible. 

The  substances  contained  in  the  parts  of  the  medullary  rays 
within  the  wood,  chiefly  consisting  of  starch,  tannins,  resin,  and  crystals, 
are  essentially  the  same  as  those  in  the  wood  parenchyma.  In  the 
medullary  rays  of  certain  Gymnosperms,  particularl}^  in  the  Pine, 
single  rows  of  cells,  without  living  contents  and  situated  usually  at 
the  margin  of  the  medullary  bands,  become  tracheidal  in  structure 
(Fig.  141,  till),  and  united  with  one  another  and  with  the  tracheids  by 
means  of  bordered  pits.  Their  purpose  is  to  facilitate  the  transfer  of 
water  radially  between  the  tracheids.  In  other  Conifers,  where  such 
tracheidal  elements  are  not  found  in  the  medullary  rays,  bordered 
pits  are  developed  in  the  tangential  walls  of  the  tracheids  of  the  late 
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wood,  and  by  means  of  them  is  effected  the  transfer  of  water  in  a  radial 
direction.  The  living  cells  of  the  medullary  rays  of  the  wood  bear  the 
same  relation  to  the  water-carriers  as  does  the  wood  parenchyma,  and 
like  them  are  connected  with  the  water-conducting  elements  by  means 
of  bordered  pits.  They  take  up  water  from  them  and  give  it  put 
again,  as  it  may  be  needed,  to  other  living  cells  ;  on  the  other  hand,  in 
the  spring,  at  the  beginning  of  the  season  of  growth,  they  press  into 
the  water-courses  the  products  of  assimilation,  in  particular  glucose  and 
small  quantities  of  albuminates,  in  order  that  these  substances  may  be 
transferred  in  the  quickest  way  to  the  points  of  consumption. 
Accordingly,  during  the  winter  and  in  the  beginning  of  spring,  sugar 
and  albumen  may  be  detected  in  the  tracheal  elements,  and  may  then 
be  obtained  from  the  watery  sap  of  "  bleeding  "  trees,  or  from  artificial 
borings  or  incisions,  particularly  in  such  trees  as  the  Maple,  Birch,  and 
Hornbeam.  In  the  wood  of  Dicotyledons  it  is  usually  only  special 
rows  of  the  medullary  ray  cells  which  stand  in  such  close  relation 
with  the  tracheal  tissues.  In  these  special  rows,  generally  on  the 
margins  of  the  medullary  rays,  the  cells  are  elongated  vertically,  and 
on  that  account  have  been  distinguished  as  a^ertical  medullary  ray 
CELLS.  The  other  cells,  or  those  of  the  middle  layers  of  the  medullary 
bands,  on  the  other  hand,  are  called  HORIZONTAL  MEDULLARY  RAY 
CELLS ;  they  are  narrower  and  more  elongated  radially.  These  have, 
moreover,  no  especial  connection  with  the  tracheal  elements,  but  are 
designed  for  conducting  and  storing  assimilated  matter.  In  the  medul- 
lary rays  of  the  Lime  (Fig.  147),  although  this  specialisation  of  the  cells 
is  not  so  evident  as  in  many  other  cases,  the  marginal  cells  of  the  medul- 
lary rays  are,  nevertheless,  particularly  noticeable,  as  they  alone  have 
bordered  pits  on  the  sides  toward  the  vessels  (7),  and  are  also  wider 
than  the  other  cells  of  the  inner  rows. 

Within  the  bast  zone  the  medullary  rays  are  also  distinguished  as 
CORTICAL  RAYS,  and  in  the  bast  of  Dicotyledons  they  have  a  simpler 
structure  than  in  the  wood.  It  is  evident,  not  only  from  the  con- 
nection existing  between  the  cells  of  the  medullary  rays  and  the  bast 
parenchyma,  but  also  from  the  relations  exhibited  in  Dicotyledons 
between  the  medullary  ray  cells  and  the  companion  cells  of  the 
sieve-tubes,  that  the  function  of  the  cortical  rays  is  to  take  up  the 
substances  passing  down  the  bast  strands.  For  not  only  is  the  bast 
parenchyma  in  communication  with  the  cells  of  the  medullary  rays  by 
means  of  bordered  pits,  but  the  companion  cells  are  so  disposed  on  the 
sides  of  the  sieve-tubes  as  more  surely  to  come  in  contact  with  the 
medullary  rays. 

In  the  Pine  and  other  Ahictineae,  whose  bast  parenchyma  is  devoid  of  cells 
functioning  as  conductors  of  albuminous  matter,  their  place  is  taken  in  this  respect 
by  rows  of  medullary  ray  celb  (Fig.  141,  em).  These  maintain  an  intimate 
connection  with  the  sieve-tubes  by  means  of  sieve-pits.  They  lose  their  contents 
in  the  same  manner  as  the  sieve-tubes,  and,  like  them,  become  compressed  and 
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disorganised.  On  the  other  hand,  the  cells  of  the  cortical  rays,  Avhich  contain 
starch,  like  the  similar  cells  of  the  bast  parenchyma,  increase  in  size,  and  pushing 
between  the  compressed  sieve-tubes,  continue  living  for  years. 

The  division  of  labour  within  the  medullary  rays  of  the  Gymnosperms  and 
Dicotyledons  is  so  well  carried  out,  that  only  the  rows  of  elongated,  conducting 
cells  are  accompanied  by  intercellular  air-spaces.  When  the  walls  of  such  cells  are 
much  thickened,  they  are  pierced  with  pits  which  open  into  the  intercellular  air- 
passages,  and  so  facilitate  the  interchange  of  gases. 

The  width  and  height  of  the  medullary  rays  may  be  more  easily  determined 

from  tangential  than  from  radial  sections. 
In  such  tangential  sections  the  medullary 
rays  appear  spindle-shaped  (Figs.  141, 
148).  AVith  few  exceptions,  as  in  the 
Oak  and  Beech,  the  medullary  rays  are 
rarelj'  of  more  than  limited  dimensions. 
The  Oak,  in  addition  to  numerous  small 
medullary  rays,  has  other  larger  rays 
wliich  may  be  as  much  as  a  millimetre 
broad  and  a  decimetre  high.  In  the 
Poplar,  Willow,  and  Box  the  medullary 
rays  are  so  extremely  small  that  they  are 
scarcely  visible,  even  with  the  aid  of  a 
magnifying -glass.  The  height  of  the 
broad  primary  rays  of  many  Lianes,  on  the 
other  hand,  may  be  equal  to  that  of  a  whole 
internode.  In  certain  Conifers,  resin-ducts 
occur  not  only  in  the  wood,  but  also  in  the 
broader  medullary  rays.  These  radial 
resin -ducts  are  in  communication  with 
the  vertical  ducts.  It  is  due  to  this  fact 
that  such  a  large  amount  of  resin  exudes 
from  wounds  in  Pine  or  Fir  trees. 

The  ROOTS  of  Gymnosperms  and 
Dicotyledons,  in  which  the  stems 
increase  in  thickness,  also  show  a 
similar  growth  in  thickness. 
Whenever  secondary  growth  begins 
in  a  root  with  its  xylem  and 
phloem  strands  alternating  with 
each  other  (Figs,  120,  12G),  areas  of 
cambium  arise  on  the  inside  of  the  phloem  strands,  through  the 
division  of  the  fundamental  tissue ;  these  give  off  wood  elements 
towards  the  centre  of  the  root,  and  bast  towards  the  periphery.  These 
cambium  areas  soon  meet  in  the  pericycle,  just  in  front  of  the  xylem 
strands,  and  so  form  a  complete  zone  of  meristematic  tissue.  In  Fig. 
150,  ^4,  this  process  is  diagrammatically  represented.  As  a  result  of  the 
activity  of  its  cells  the  cambium  ring  soon  loses  its  sinuous  form,  and 
becomes  a  simple  ring.    In  front  of  the  primary  vascular  strands  (g), 


Fig.  150. — Diagrammatic  representation  of  the 
growth  in  thickness  of  a  dicotyledonous 
root,  jrr,  Primary  cortex  ;  c,  cambium 
ring ;  g',  primary  vascular  strand ;  s', 
primary  phloem  strand ;  p,  pericycle ;  e, 
endodermis;  g",  secondary  wood;  s",  second- 
ary bast ;  k,  periderm. 
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the  cambium  produces  medullary  ray  tissue,  and  this  constitutes 
the  broadest  medullary  rays  which  lead  to  the  strands  of  primary 
xylem  (Fig.  150,  B).  A  cross-section  of  such  a  root,  in  which  the 
secondary  growth  has  continued  for  some  years,  can  scarcely  be 
distinguished  from  a  cross-section  of  a  stem.  By  careful  examination, 
however,  the  presence  of  primary  tissue  in  the  centre  of  the  root  can 
be  discovered,  and  its  nature  thus  determined.  The  w^ood  of  the  root 
is  also  more  porous  than  in  the  stem,  and  bears  a  close  resemblance  to 
early  wood.  On  account  of  this  lack  of  differentiation  in  the  wood,  the 
annual  rings  of  growth  are  less  distinctly  defined  in  roots  than  in  stems. 

Anomalous  forms  of  Growth  in  Thickness. — Extraordinary  deviations  from  the 
usual  type  of  secondary  growth  are  afforded  by  some  stems  and  roots  of  Gymno- 
sperms  and  Dicotyledons.     Among  the  Gymnosperms  in  the  Cycadaccac  and 


Fig.  151.— Transverse  section  of  the  stem  of  Aliicuna  altissima.    I,  2,  3,  Successively  formed  zones 
of  wood  ;  1*,  2'-,  3''',  successively  formed  zones  of  bast.    (|  nat.  size.) 

certain  species  of  Gnctum,  in  the  Chcnopodiaceac,  Amarantaceae,  Nyctacjinaceae , 
Phytolaccaceae,  and  other  families  of  Dicotyledons,  the  cambium  which  has  been 
formed  in  the  ordinary  manner  soon  loses  its  function,  and  a  new  cambium  ring  is 
developed  external  to  the  bast  zone,  for  the  most  part  in  the  pericycle,  or  in  a 
tissue  derived  from  it.  This  cambium  ring  forms  wood  on  the  inside  and  bast  on 
the  outside,  with  the  accompanying  medullary  rays.  It  then  ceases  to  divide,  and 
a  ncAv  ring  takes  its  place.  This  process  repeats  itself,  and  ultimately  leads  to  the 
formation  of  concentric  wood  and  bast  rings,  which,  in  cross-sections  of  the  sugar- 
beet,  may  be  distinguished  with  the  naked  eye.  These  concentric  zones  may  be 
still  more  plainly  seen  in  a  cross-section  of  Mucuna  altissima  (Fig.  151),  a  Liane 
belonging  to  the  order  Papilionaceae.  The  stem  shows  in  this  case  an  inner  axis 
of  wood  (1)  surrounded  by  a  zone  of  bast  (1*)  ;  next  follows  a  cylinder  of  wood  (2) 
and  bast  (2*),  and  finally  a  third  (3,  3*)  in  process  of  formation  in  the  midst  of 
the  pericycle.  An  extraordinary  appearance  is  exhibited  by  cross-sections  of  stems, 
which  show  several  separate  wood  cylinders  (Fig.  152).  Such  a  structure  is 
peculiar  to  various  tropical  Lianes  of  the  genera  Serjania  and  Paidlinia  belonging 
to  the  family  Sapindaceae.    This  anomalous  condition  arises  from  the  unusual 
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position  of  the  primary  vascular  bundles,  which  are  not  arranged  in  a  circle  but 
form  a  deeply  lobed  ring  ;  so  that,  by  the  development  of  interfascicular  cambium, 
the  cambium  of  each  lobe  is  united  into  a  separate  cambium  ring.  Each  of  these 
rings,  independently  of  the  others,  then  gives  rise  to  Avood  and  bast  (Fig,  152). 
An  even  more  peculiar  structure  is  exhibited  by  many  Lianes  of  the  BUjnoiiiaeeac , 
the  -wood  of  Avhich  is  cleft  by  radially  projecting  masses  of  bast  (Fig.  153).  The 
primary  stem  of  the  Bignoniaccac  shows  the  ordinary  circular  arrangement  of  the 
vascular  bundles.  Wood  and  bast  are  at  first  produced  from  the  cambium  ring  in  the 
usual  manner,  and  form  an  inner,  normal  wood  cylinder  of  axial  wood.  Such 
normally  formed  axial  Avood  cylinders  are  common  to  many,  otherwise  abnormally 
developed  Lianes.  The  cambium  ring  of  the  Bignoniaceae,  after  performing  for  a 
time  its  normal  functions,  begins,  at  certain  points,  to  give  off  internally  only  a 
ver}^  small  quantity  of  wood,  and  externally  a  correspondingly  large  amount  of 


bast.  As  a  result  of  this,  deep  wedges  of  irregularly  widening  bast  project  into  the 
outer  so-called  periaxial  wood  (Fig.  153).  The  originally  complete  cambium 
becomes  thereby  broken  into  longitudinal  bands,  which  are  broader  in  front  of  the 
projecting  Avood  than  at  the  a^jices  of  the  bast  Avedges,  As  the  periaxial  Avood 
is  alAA-ays  developed  from  the  inside,  and  the  Avedges  of  bast  from  the  outside  of 
their  respective  cambium  bands,  they  extend  past  each  other  Avitliout  forming  any 
lateral  connection. 

Secondary  Growth  of  Monocotyledons. — As  we  have  already 
seen,  Palms  grow  in  thickness  only  as  the  result  of  the  increase 
in  size  of  the  individual  tissue  elements.  There  are,  hoAA^ever,  certain 
monocotyledonous  plant  families  and  genera,  especially  Dracaena,  Yucca, 
Aloe,  and  the  iJioscoreaceae,  in  the  stems  and  roots  of  AA^hich  a  cambium 
ring  is  developed.  As  in  such  cases,  the  cambium  ring  generally  arises 
in  the  pericj^cle,  outside  the  scattered  vascular  bundles  and  from  the 


f;.  152. — 'Iraiisverse  section  of 
the  stem  of  Serjama  Laruot- 
teana.  sh;  Tart  of  tlie  rup- 
tured sclerenchyuiatous  ring 
of  the  pericycle ;  I  and  I",  bast 
zones  ;  Ig,  Avood  ;  m,  medulla. 
(X  2.) 


Fig.  1u3. — Transverse  section  of  the  stem  of  a  Bignonia. 
(Nat.  size.) 
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fundamental  tissue,  it  is  a  secondary  meristem  :  it  does  not.  as  in 
Dicotyledons  and  Gymnosperms,  produce  continuously  wood  and  bast 
in  opposite  directions,  but,  instead,  closed  vascular  bundle  strands  and 
fundamental  tissue  (Fig.  154). 


Tlie  cells  arising  from  the  division  of  the  cambium  cells  (t*)  are  given  off  almost 
entirely  towards  the  centre  of  tlie  stem.  The  new  cells  thus  derived  either  divide 
by  means  of  variously  disposed 

longitudinal  walls,   and   produce  A^^!^  '^"^^ 

new  vascular  bundles  (/"),  or,  by         _  Q'^J.' 
forming  tangential  and  transverse 
walls  only,  they  give  rise  to  the 
radially  arranged  cells  of  the  funda-  -r^^; 
mental  tissue,  which  fills  the  space  . 
between   the    vascular    bundles,  — 
These  secondarily  developed  bun- 
dles, like  the  primary  bundles,  are 
closed,  that  is,  they  do  not  possess 
a  canibiimi,  but  have  nevertheless 
a  somewhat  different  structure. 
Their  xylem  portions  consist  solely 
of  tracheids  provided  with  bordered       y ' 
pits,  and  completely  enclose  the 
thin-walled  and  sparingly  deve- 
loped phloem.    Towards  the  peri- 
phery of  the  stem  the  cambium 
ring  produces  only  a  small  amount 
of  parenchymatous  tissue,  the  cells 
of  which  sometimes  contain  bun- 
dles of  raphides  (r).    A  stem  of 
a  Dracaena,  having  this  form  of 
secondary  growth  may  attain  a 
considerable  thickness. 

Periderm.  —  It  is  very 
seldom  that  the  epidermis, 
I)}'  the  division  of  its  own 
cells,  is  in  a  condition  to  keep 
pace  for  any  length  of  time 
with  the  increasing  dimen- 
sions of  the  stem.  This, 
however,  is  the  case  "svith  the 
Mistletoe  (Viscum  aU/um),  the 
number  of  whose  epidermal 
cells  is  continually  augmented 
by  the  formation  of  new  lateral 
walls,  while  the  outer  walls 
are  at  the  same  time  strengthened  by  inward  thickenings  to  supply 
the  place  of  the  older,  ruptured,  thickening  layers.     The  stems 


Fig.  154. — Trausverse  section  of  the  stein  of  Conlyliiu 
{Dincaena)  rubra^  f,  Primary  vascular  bundles : 
/",   secondary  ^-aseular  bundles;  leaf- trace 

bundle  within  the  primary  cortex  ;  m,  parenchy- 
matous fundamental  tissue ;  bundle-sheath  :  i. 
tracheids ;  c,  cambium  ring ;  cr,  cortex,  the  outer 
portion  being  primary,  the  inner  secondary  cortex  ; 
ph,  cork  cambium  ;  ?,  cork  ;  r,  bundles  of  raphides. 
(X  30.) 
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also  of  one  of  the  Maples  (Acer  striatum),  even  when  a  foot 
or  more  thick  and  over  forty  j^ears  old,  remain  covered  with  a 
living,  growing,  epidermal  layer.  As  a  rule,  however,  the  epider- 
mis on  stems  which  grow  in  thickness  becomes  stretched  and  finally 
ruptured.  The  tissue  of  the  primary  cortex,  by  the  expansion  and 
division  of  its  cells,  can  accommodate  itself  more  easily  than  the 
epidermis  to  the  increased  dimensions  of  the  stem,  arising  from  the 
growth  in  thickness  of  the  central  cylinder.  This  process  of  cortical 
growth  is  particularly  noticeable  in  the  primary  medullary  rays 
(Fig.  145,  pin)  between  the  primary  phloem.  The  formation  of  the 
PERIDERM  generally  begins  during  the  first  vegetative  period,  after  the 
secondary  growth  has  reached  a  certain  stage.  The  commencement  of 
its  formation  is  indicated  by  the  brown  colour  of  the  external  surface 
of  the  stem,  which,  however,  remains  green  so  long  as  the  epidermis 
continues  alive.  The  periderm  is  derived  from  a  secondary  meristem, 
termed  the  cork  cambium  or  phellogen.  This  phellogen  may  arise,  in 
the  epidermis,  in  a  deeper  layer  of  cells  of  the  primary  cortex,  or  even 
in  the  pericycle  itself.  The  cells  of  the  phellogen  divide  by  tangential 
walls,  and  also,  at  times,  by  radial  walls,  in  order  to  accommodate 
themselves  to  the  increasing  thickness  of  the  stems.  Of  the  new  cells 
thus  formed,  those  given  off  towards  the  periphery  of  the  stem  are  the 
CORK  CELLS  (Fig.  loi,  I).  They  usually  have  a  tabular  shape,  fit 
closely  together  Avithout  intercellular  spaces,  and  possess  suberised, 
secondary,  thickening  layers.  The  cork  cells  are,  for  the  most  part, 
filled  with  air,  containing  also  a  yellow  or  brown  substance,  and  usually 
possess  brown  walls.  The  cell  walls  may  be  thin  or  thick,  frequently 
thickened  on  one  side,  and  occasionally  to  such  an  extent  that  they 
are  known  as  stone  cork.  The  cork  tissue  frequently  shows  an 
alternation  of  thick-walled  and  narrow  with  thin-walled  and  larger 
cells.  These  layers  mark  annual  growths.  The  cork  cells,  being 
impermeable  to  water,  prevent  the  loss  of  moisture  by  transpiration, 
while  at  the  same  time  they  shield  and  protect  the  inner  tissues.  An 
example,  showing  how  effectively  cork  cells  retard  transpiration,  is 
afforded  by  a  potato,  which,  when  peeled  and  so  deprived  of  its 
protecting  cork  covering,  loses  in  twenty-four  hours,  according  to  Eder, 
about  sixty -four  times  as  much  water  as  it  would  otherwise  have 
done. 

The  cork  of  the  Cork-oak  {Quercus  Siiber)  is  formed  of  broad  layers  of  soft 
large  cells,  alternating  with  narrow  and  thinner  layers  of  cells,  which  mark  the 
limit  of  the  annual  growth.  This  may  be  seen  in  bottle  -  corks.  The  first, 
spontaneously  developed  cork  of  the  Cork-oak  is  stripped  off,  whereupon  a  new 
phellogen  is  formed  in  the  deeper -lying  tissue.  The  cork  thus  produced  is 
removed  every  six  or  eight  years,  and  furnishes  the  cork  of  economic  value. 

In  many  cases  the  phellogen  takes  its  origin  in  the  epidermis  (Fig.  155). 
This  is  the  case  in  the  Willow,  in  all  Pomaceae,  and  in  a  great  number  of  other 
woody  plants.    The  epidermal  cells  become  divided  into  outer  and  inner  cells,  the 
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latter  of  which  assume  the  function  of  a  phellogen.  More  frequently  the  phello- 
gen  develops  from  the  layer  of  cells  next  adjoining  the  epidermis,  as,  for  example, 
in  the  Elder  {Sambucus  nigra),  where  it  takes  its  origin  from  the  outermost  layer 
of  collenchyma  (Fig.  156,  jj/i). 

At  the  same  time  that  the  cork  is  forming  from  the  outer  side  of  the 
phellogen,  a  so-called  cork  cortex  or  phelloderm  is  also  frecpiently 
developed  from  its  inner  side.  The  cells  of  the 
phelloderm  retain  their  living  protoplasm,  and 
usually  contain  chloroplasts.  They  ultimately  be- 
come rounded  off,  so  that  intercellular  spaces  are 
formed  between  them.  The  term  periderm  in- 
cludes both  cork  and  phelloderm.  All  secondary 
tissues  given  off  by  the  cambium  ring  towards  the 
periphery,  together  with  all  the  secondary  tissues 
formed  by  the  phellogen  from  both  its  inner  and 
outer  sides,  are  designated  collectiveh'  secondary 
cortex. 

All  tissues  external  to  the  phellogen  are  cut 
off  from  food  supplies,  and  consequently  die. 
AVhen  the  first  cork  layer  has  its  origin  deep 
within  the  stem,  a  bark  is  formed  through  the 
ensuing  death  of  the  excluded  peripheral  tissues. 
If  the  cork  layer  formed  by  the  phellogen  be 
thin,  the  stem  has  a  smooth  surface,  as  in  tlie 
Beech ;  if  it  produces  thicker  cork  layers,  the 
surface  of  the  stem  appears  rough  and  full  of 
fissures,  as  is  the  case  in  the  Cork -oak.  The 
generally  ceases  its  activity  after  a  short  time,  and  another  deeper- 
lying  phellogen  is  formed.  After  a  time  this  new  phellogen  dis- 
continues its  functions,  and  another  (Fig.  157)  is  developed,  as 
in  the  case  of  Quercus  sessUifiora,  until  ultimately  the  phelloo;en 
comes  to  be  formed  in  secondar}^  bast  ])arenchyma  instead  of  in  the 
primary  tissue.  That  portion  of  the  bast  cut  off  by  the  periderm  loses 
its  nutritive  contents  and  only  retains  waste  products.  If  the  lavers 
of  the  secondary  periderm  constitute  onlj^  arcs  of  the  stem  circum- 
ference, the  bark  will  be  thrown  off  in  scales,  as  in  the  SCALY  bark  of 
the  Pine  and  Plane  tree  ;  if,  on  the  contrary,  the  ]ieriderm  layers  form 
complete  concentric  rings,  then  holloAv  cylinders  of  the  cortiJal  tissues 
are  transformed  into  the  so-called  kin(.ed  bark,  such  as  is  found  in 
the  Grape-vine,  Clematis,  and  Honeysuckle.  Bark  which  is  not  easily 
detached  becomes  cracked  by  the  continued  growth  in  thickness  of 
the  stem,  and  has  then  the  furrowed  appearance  so  characteristic  of  the 
majority  of  old  tree-trunks.  The  usual  brown  or  red  colour  of  bark, 
just  as  in  similarly  coloured  heart-wood,  is  occasioned  by  the  presence 
of  tannins,  to  the  preservative  qualities  of  which  is  due  the  sreat 
resistance  of  bark  to  the  action  of  destructive  agencies.    The  pec\iliar 


Fig.  155. — Transverse  sec- 
tion of  tlie  peripheral 
tissues  of  a  one-year- 
old  twig  of  Pirus  com- 
num  is  al  the  beginning 
of  the  formation  of 
periderm.  Phel- 
logen.   (x  300.) 
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Avliite  colour  of  Birch-bark  is  caused  by  the  presence  of  betulin  (birch- 
resin)  in  the  cells. 

In  roots  which  grow  in  thickness  the  phellogen  usually  develops 
in  the  pericycle  (Fig.  150,  B,  k),  and  in  consequence  of  this  the  primary 
cortex  of  the  roots  dies  and  peels  off.  The  succeeding  phellogen 
layers  are  formed  in  exactly  the  same  way  in  the  root  as  in  the  stem. 

In  most  woody  plants,  particidarly  in  Dicotyledons,  cortical  pores, 
or  LENTICELS  (Fig.  156),  make  their  appearance  simultaneously  with  the 
formation  of  periderm.  The  lenticels  take  their  origin  in  a  phellogen 
layer  (2)1)  which,  in  the  case  of  peripheral  cork  formation,  almost 
always  develops  directly  under  the  stomata.  The  phellogen,  from 
which  the  lenticels  arise,  unlike  the  cork  phellogen,  does  not  form 
cork  cells,  but  a  lenticel  tissue  composed  of  COMPLEMENTARY  CELLS  (/) 


Pig.  150.— Transverse  section  of  a  lenticel  of  SanLbucus  it  igra.  e,  Epidermis  ;  j^h,  phellogen  ;  7,  coni- 
I)lementary  cells  ;  pi,  phellogen  of  the  lenticel ;  pd,  phellodenn.    (x  90.) 


traversed  by  intercellular  spaces.  On  the  inside,  however,  a  phello- 
derm  is  regularly  derived  from  the  phellogen.  The  complementary 
cells  press  the  epidermis  outwards  and  finally  rupture  it.  Where  the 
complementary  cells  are  only  loosely  united,  the  intermediate  bands 
or  closing  layers  are  developed  from  the  phellogen  alternately  with 
denser  layers  of  cells,  which,  as  in  the  case  of  the  epidermis,  become 
eventually  ruptured.  The  cork-forming  phellogen  joins  the  phellogen 
of  the  lenticels  at  its  margins.  In  cases  where  the  cork  is  more 
deeply  seated  in  the  inner  tissue,  the  lenticels  begin  their  develop- 
ment at  a  corresponding  depth.  The  lenticels  are  so  constructed, 
in  Planus  avium  and  Betula,  that  they  can  accommodate  them- 
selves to  growth-in-thickness ;  in  Quercm  Suher,  Fraxinus  Ormis,  they 
are  not  in  a  condition  to  do  so ;  while  in  PJiamnus  Frangula  and  Pirus 
Mains  each  lenticel  gives  rise  to  a  group  of  lenticels.    The  develop- 
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ment  of  a  secondary  periderm  is  accompanied  by  the  formation  of  new 
lenticels.  By  means  of  the  lenticels  the  intercellular  spaces  of  the 
inner  tissues  are  kept  in  com- 
munication with  the  outer  atmo- 


air  enters 


the 
the 
the 
dis- 


sphere.  The 
intercellular    spaces  of 
medullary    rays  through 
lenticels,  and    is  thence 
tributed  throughout  the  living 
tissues  of  the  whole  plant.  In 
stems  in  which  the  periderm 
is  free  from  lenticels,  provision 
is  made  for  securing  the  free 
passage  of  gases  through  open- 
ings left   by  the  overlapping 
margins  of  the  periderm  layers. 

The  Falling'  of  Leaves. ^ — 
Preparatory  to  the  falling  of 
leaves  an  absciss  layer  is  formed, 
by  means  of  which  the  separa- 
tion of  the  leaves  from  the 
stem  is  effected.  This  layer 
arises  through  the  division  of 
all  the  living  cells  in  the  plane 
of  separation,  including  even 
those  of  the  vascular  bundles. 
At  a  later  stage,  a  layer  of  cells 
in  the  middle  of  the  absciss 
layer  becomes  absorbed,  and 
the  separation  of  the  tissues  of 
leaf  and.  stem  is  completed  by 
the  rupture  of  the  tracheal 
elements  and  sieve-tubes.  The 
absciss  layer  is  usually  formed 
just  before  the  leaves  fall,  al- 
though frequently  much  earlier. 
The  wound  left  on  the  stem 
either  simply  dries  up,  as  is  the 
case  in  the  Ferns,  or  it  is  closed 
by  a  layer  of  cork,  Avhicli  is 
formed  just  below  the  surface 
and  joins  the  periderm  of  the  stem.  This  cork  layer  may  be  formed 
before  the  fall  of  the  leaves,  but  in  that  case  it  does  not  extend  through 
the  living  elements  of  the  vascular  bundle,  and  does  not  become 
complete  until  after  the  leaves  have  fallen.  The  ends  of  the  tracheal 
elements  at  the  leaf-scars  become  filled  with  a  protecting  gum,  and  in 


cr 

Fio.  157.  —  Tmnsverse  .section  of  the  peripheral 
tissue.s  of  tlie  stem  of  Qucrcus  seasiUfloni.  1,  2,  3, 
Successively  formed  layers  of  cork ;  pr,  primary 
cortex,  modified  by  subsequent  growth  ;  in- 
ternally to  pc,  pericycle ;  sc,  sclerenchyniatous 
fibres,  from  the  ruptured  ring  of  sclerenchy- 
matous  fibres  of  the  pericycle  ;  s,  subsequently 
formed  sclereids  ;  s',  sclereids,  of  secondary 
growth  ;  r,-,  bast  fibres  with  accompanying  crystal 
cells  ;  /.-,  cells,  with  aggregate  crystals.  All  of 
the  tissue  external  to  the  innermost  layer  of  cork 
is  dead  and  discoloured,  and  has  become  trans- 
formed into  bark,    (x  225.) 
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addition,  they,  as  well  as  the  ends  of  the  sieve-tubes,  become  com- 
pressed and  finally  cut  off  by  the  developing  cork. 

Wounds. — In  the  simplest  cases  the  exposed  tissues  of  wounded 
surfaces  become  dry  through  loss  of  moisture,  and  dying  in  consequence, 
form  over  the  deeper-lying  tissues  a  protective  covering  of  dry,  brown 
cells.  This  method  of  protecting  wounded  surfaces,  although  very 
general  in  Cryptogams,  rarely  obtains  in  Phanerogams,  but  instead 
the  wounds  become  closed  by  the  formation  of  cork.  Cork  formed 
over  Avounded  surfaces  is  called  wound  cork.  It  is  derived  from 
a  cork  cambium  that  develops  in  the  tissue  under  the  wounds,  and 
with  its  development  the  process  of  healing,  in  succulent  and  paren- 
chymatous portions  of  plants,  is  completed.  In  woody  plants  a  so-called 
CALLUS  is  formed  by  the  active  growth  of  the  living  cells  bordering  on 
the  wound.  These  abnormal  swollen  growths  close  together  over  the 
wound,  and  by  the  suberisation  of  their  cell  walls  provide  a  sufficient 
protection.  Generally,  however,  a  cork-forming  phellogen  arises  in  the 
periphery  of  the  callus.  In  stems  of  Gymnosperms  and  Dicotyledons, 
wounds  which  extend  into  the  wood  become  surrounded  and  finally 
overcapped  by  an  outgrowth  of  tissue  arising  from  the  exposed 
cambium.  While  the  callus  tissue  is  still  in  process  of  gradually 
overgrowing  the  wounded  surface,  an  outer  protective  covering  of  cork 
is  developed  ;  at  the  same  time  a  new  cambium  is  formed  within  the 
callus,  through  the  diff'erentiation  of  an  inner  layer  of  cells,  continuous 
Avith  the  cambium  of  the  stem.  When  the  margins  of  the  over- 
growing callus  tissue  ultimately  meet  and  close  together  over  the 
wound,  the  edges  of  its  cambium  unite  and  form  a  complete  cambial 
layer,  continuing  the  cambium  of  the  stem  over  the  surface  of  the 
wound.  The  wood  formed  by  this  new  cambium  never  coalesces 
with  the  old  wood.  Accordingly,  marks  cut  deep  enough  to  pene- 
trate the  wood  are  merely  covered  over  by  the  new  wood,  and  may 
afterwards  be  found  within  the  stem.  In  like  manner,  the  ends  of 
severed  branches  may  in  time  become  so  completely  overgrown  as  to 
be  concealed  from  view.  As  the  wood  produced  over  wounds  differs 
in  structure  from  normal  wood,  it  has  been  distinguished  as  callus 
WOOD.  It  consists  at  first  of  almost  isodiametrical  cells,  which  are, 
however,  eventually  followed  by  more  elongated  cell  forms. 

•  The  Formation  of  Burrs. — The  curled  or  extraordinarily  knotted 
appearance  of  woo<l,  such  as  the  bird's-eye  or  curled  maple,  which  adds 
so  much  to  its  technical  value,  is  due  to  the  unusually  sinuous  course 
taken  by  the  elements  of  the  wood.  This  variation  from  their  usual 
direction  is  caused  by  the  development  of  numerous  adventitious 
buds,  which  turn  the  vascular  bundles  out  of  their  accustomed  course ; 
the  direction  of  the  wood  elements  is  moreover  often  affected  by  the 
medullary  rays,  which  sometimes  become  so  abnormally  swollen  that 
they  appear  almost  circular  in  tangential  sections. 
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The  Phylogeny  of  the  Internal  Structure 

The  phylogenetic  differentiation  in  the  internal  structure  of  a  plant 
does  not  altogether  coincide  with  the  progress  of  its  external  segmenta- 
tion. Even  unicellular  plants  in  the  group  of  Siphoneous  Algae 
may  exhibit  a  high  degree  of  external  differentiation ;  thus  the  uni- 
cellular Alga,  Caiderpa  (Fig.  250),  has  developed  appendages  having 
outwardly  the  form  of  leaf,  stem,  and  root.  Similarly,  the  red  sea- 
weed, Hijdrolapathum  (Fig.  9),  although  composed  almost  wholly  of  one 
form  of  cells,  bears  in  its  external  segmentation  a  striking  resemblance 
to  one  of  the  most  highly  organised  plants.  The  internal  differentia- 
tion of  this  Alga  has  only  advanced  so  far,  that  the  outer  cells  contain- 
ing the  red  chloroplasts  form  an  assimilating  tissue  of  isodiametrical 
cells,  while  the  internal  colourless  and  more  elongated  cells  function  as 
a  conducting  tissue.  The  relatively  highest  degree  of  internal  develop- 
ment found  in  the  Algae  is  attained  by  the  Laminariae.  In  their 
stem-like  axis,  which  may  have  a  considerable  thickness,  the  external 
tissues  frequently  contain  canals  filled  with  mucilaginous  matter  ; 
while  internally  are  found  rows  of  cells  resembling  sieve-tubes.  The 
axes  themselves  grow  in  thickness  through  the  continuous  division  of 
the  cells  of  an  outer  cell  layer.  A  kind  of  cortical  tissue  is  formed  as 
a  result  of  this  growth  which  exhibits  concentric  layers,  and  of  which 
the  innermost  cells  gradually  elongate  and  pass  over  into  the  so- 
called  medulla.  In  the  Fungi  internal  differentiation  is  the  result  of  the 
more  or  less  intimate  union  of  the  intertwining  hyphse.  In  extreme 
cases  the  hyphae  forming  the  body  of  the  Fungus  may  be  so  closely 
woven  together  as  to  give,  in  a  cross-section,  the  impression  of  a 
parenchymatous  tissue  (Figs.  95-98),  in  which,  by  the  subsequent 
thickening  of  the  cell  walls,  the  pits  in  adjoining  hyphse  are  brought 
into  contact.  In  the  fructifications  of  many  of  the  Hymenomycetes  and 
Gasteromycetes,  some  of  the  longer  and  more  swollen  hyph^e  contain  a 
cloudy,  highly  refractive,  and,  in  some  instances,  coloured  substance,  and 
appear,  accordingly,  to  serve  as  a  special  tissue  for  the  purpose  of 
conduction.  A  marked  advance  in  the  differentiation  into  different 
tissue  systems  is  first  apparent  in  the  Bryophytes,  and  even  in  them 
the  formation  of  an  epidermis  distinct  from  the  fundamental  tissue  •  is 
exceptional.  In  the  thallus  of  the  Marchantieae  of  the  Hepaticae,  and 
at  the  base  of  the  spore  capsules  of  the  Bryineae,  among  the  Mosses, 
the  external  layer  of  cells  becomes  more  or  less  sharply  defined  from 
the  underlying  tissues.  In  the  Marchantieae  (Fig.  158)  this  outer  layer 
is  pierced  by  openings  which  have  been  termed  breathing-pores,  but  these 
have  a  different  origin  from  the  stomata  of  higher  plants.  They  are 
rather,  as  Leitgeb  has  shown,  openings  into  cavities,  which  have  arisen 
through  the  overarching  of  certain  portions  of  the  surface  by  other 
more  rapidly  growing  portions.    In  the  Bryineae,  on  the  other  hand, 
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stomata  similar  in  structure  to  those  of  the  Pteridophytes  and  Phanero- 
gams are  found  in  the  outer  cell  layer  at  the  base  of  the  spore  capsules. 
It  would  seem,  however,  that  these  stomata  of  the  Bryineae  are  prob- 
ably not  homologous  ^yith  those  of  higher  plants  ;  as  there  is  no  direct 
phj'logenetic  connection  between  them,  and  it  is  more  reasonable  to 
regard  them  as  merely  analogous  formations,  such  as  so  often  occur 
in  the  evolution  of  organs.  The  Jlarchantieae  also  possess  mucilage 
passages,  which  arise  through  the  mucilaginous  degeneration  of  single 
cells  or  cell  rows.  Certain  of  the  Marchantieae  have  also  strands  of 
greatly  elongated,  dark-walled  cells.  In  all  Hepatkae  there  may  be 
found  in  special  cells  characteristic  oil  bodies  of  an  irregular,  clustered 
shape.  It  is  also  worthy  of  note  that,  although  the  differentiation 
of  the  internal  tissues  has  progressed  further  in  the  Marchantieae  than 
in  any  other  of  the  Hepatkae,  in  their  external  segmentation  they 


Fig.  158. — fiurface  and  transverse  view  of  the  tliallus  of  Ma rchantia  pobjmorpha.    In  A,  an  air- 
pore,  as  seen  from  above  ;  in  B,  as  seen  in  cross-section,    (x  240.) 


are  surpassed  by  many  others  of  the  same  group  ;  so  that  here  also 
internal  and  external  differentiation  do  not  keep  pace  ^\it\\  one  another. 
Among  the  JIusci  the  Bog-Mosses  [Sphaymceae)  are  characterised  by 
an  external  sheathing  of  porous  cells  about  the  stem  (Fig.  320).  The 
sheathing  cells  recall  those  on  many  aerial  roots  (p.  100),  and  in  the 
Bog -Mosses  they  also  consist  of  dead  cells  with  porous  and  spirally 
thickened  walls.  By  means  of  this  sheath  water  is  drawn  up  from 
the  ground  by  capillarity  and  conveyed  to  the  leaves,  throughout  which 
similar  porous  and  dead  cells  are  regularly  distributed.  In  the 
stems  of  many  of  the  Brijineae  there  is  also  develoi3ed  a  simple  form 
of  conducting  tissue  (Fig.  159);  and  the  many-layered  midrib  of 
the  single -layered  leaf  lamina  is  also  traversed  by  a  conducting 
strand.  In  spite  of  their  more  advanced  differentiation,  the  Br3'o- 
phytes  may  still  be  included,  just  as  they  were  originally  in  1813  by 
De  Candolle,  in  his  classification  of  the  vesretable  kinirdom  accordins: 
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to  the  natural  system,  with  the  other  lower  Cryptogams  in  the  class 
of  CELLULAR  PLANTS,  as  distinguished  from  the  vascular  plants  or 
Pteridophytes  and  Phanerogams.  A  separation  of  the  tissues  into  the 
three  systems  of  tegumentary,  fundamental,  and  vascular  tissue  occurs 


Fig.  159. — Transverse  section  of  the  stem  of  Mnium  uadidatum.    I,  Conducting-bumlle  ;  c,  cortex  ; 
e,  periijheral  cell  layer  of  cortex  ;  /,  part  of  leaf ;  ;•,  rbizoi  ls.    (x  90.) 

for  the  first  time  in  the  vascular  plants  ;  while  the  systems  themselves 
also  exhibit  a  widely  extended  diiFerentiation. 

The  Ontogeny  of  the  Internal  Structure 

However  a  plant  may  arise,  whether  from  an  asexually  produced 
spore  or  from  a  fertilised  egg,  its  first  inception  is  always  as  a  single  cell. 
In  unicellular,  spherical,  or  rod-shaped  organisms,  such  as  Gkmcapsa 
polydermatka  (Fig.  l)or  Bacteria  (Fig.  4),  the  whole  course  of  develop- 
ment is  concluded  ^xiih.  the  cell  division  which  gives  birth  to  two 
new  independent  organisms.  If  the  cell  divisions  be  continuous 
and  parallel,  and  the  newly-developed  cells  remain  in  contact, 
CELL  FIL-13IENTS  (Fig.  4,  rt*)  wdl  be  formed  ;  if  the  division  walls 
have  difterent  inclinations,  and  are  at  the  same  time  all  in  the 
same  plane,  cell  surfaces  are  produced ;  and  if  the  walls  are 
formed  in  three  dimensions  of  space,  cell  masses  are  the  result. 
Such  an  organism  will  attain  but  a  low  degree  of  development 
if  all  its  cells  have  a  like  value,  and  continuously  reproduce 
themselves  in  the  same  manner.  With  the  distinction  into  base 
and  APEX  a  plant  manifests  a  higher  degree  of  differentiation.  A 
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VEGETATIVE  Of  GROWING  POINT  is  then  developed,  usually  at  the 
apex,  and  in  the  simpler  cases  this  consists  of  but  a  single  cell  (Fig.  5). 
The  apex  assumes  more  and  more  the  character  of  an  apical  cell  from 
which  all  the  organs  of  the  plant  take  their  origin ;  thus,  in  the  case  of 
Cladostephus  verticil  hit  us  (Fig.  7),  the  many-celled  main  axis  terminates 
in  a  single  conical  cell  which,  by  transverse  and  longitudinal  divisions, 
gives  rise  to  the  cellular  system  of  the  whole  plant.  Its  side  branches 
are  likewise  formed  from  similar  apical  cells,  which  develop,  in  regular 
acropetal  order,  from  certain  of  the  lateral  cells  of  the  parent  stem, 
and  determine  the  character  of  the  branching,  to  which  reference  is 
made  in  the  specific  name  of  this  sea-weed.  Flat,  ribbon-like  plants 
also,  such  as  Didyota  dicliotoma  (Fig.  8),  may  have  conical  but 
correspondingly  compressed  apical  cells  (Fig.  160,  A),  from  which 
segments  are  cut  off  by  concave  cross  walls,  and  become  further 
divided  by  subsequent  longitudinal  walls.    The  dichotomous  branching 


of  the  growing  point ;  a,  aijical  cell.    (After  Nageli.) 

SO  apparent  in  Didyota  is  preceded  by  a  longitudinal  division  of  the 
apical  cell  into  two  equal  adjoining  cells  {B,  a,  a).  By  the  enlarge- 
ment and  continuous  division  of  these  two  new  apical  cells  the  now 
bifurcated  stem  becomes  prolonged  into  two  forked  branches  (Fig. 
160,  D).  In  other  ribbon-like  Algae,  on  the  other  hand,  and  in 
similarly  shaped  Hepaticae,  as  in  3Iefzrferia  and  Aneura,  the  apical  cell 
is  wedge-shaped  (Fig.  161),  and  the  successive  segments  are  cut  off 
alternately  right  and  left  by  intersecting  oblique  walls ;  from  these 
segments  the  whole  body  of  the  plant  is  derived  by  further  division. 
The  apparently  strictly  dichotomous  branching  of  Hepaticae  provided 
with  such  apical  cells  is  in  reality  due  to^the  early  development  of 
new  apical  cells  in  young  segments  (Fig.  161,  h).  In  the  case  of  the 
erect  radially  symmetrical  stems  of  the  Musd,  most  Ferns  and 
Equisetaceae,  the  apical  cell  has  generally  the  shape  of  an  inverted 
pyramid  with  plain  sides  and  a  convex  base,  and  forms  the  apex  of 
the  vegetative  cone  characteristic  of  the  more  highly  organised  plants. 


SECT.  I 


MORPHOLOGY 


149 


In  the  Common  Horsetail  (Equisefnm  arrcnse),  for  example,  the  apical 
cell  of  the  main  axis  viewed  from  above  (Fig.  163,  A),  appears  as  an 
equilateral  triangle,  in  which  new  walls 
are  suceessiveh*  formed  in  a  spiral  direc- 
tion, parallel  to  the  original  walls  (//). 
Each  new  segment  thus  derived  is  divided 
by  a  new  division  wall  (Figs.  162,  163,  m) 
into  an  upper  and  lower  half  :  each  of 
these  halves,  as  is  shown  most  clearly  by 
an  optical  section  just  below  the  apical 
cell  (Fig.  163,  B),  becomes  again  divided 
by  a  sextant  wall  (s)  into  two  new  cells. 
It  is  unnecessar}'  to  trace  the  fuither  divi- 
sions, and  it  will  suffice  to  call  attention  to 
the  fact,  that  all  cell  walls  parallel  to  the 
outer  surface  of  such  vegetative  cones  or 
portions  of  plants  are  termed  perk:  LINAL 
WALLS,  while  such  as  meet  the  surface  and 
the  periclinal  walls  at  right  angles  are  designated  anticlinal,  of 
which  those  in  the  plane  of  the  axis  of  an  or^ran  are  called  rapl-^l. 


Fig.  1>31.— Diagraiiuuatic  representa- 
tion of  the  apex  of  Metzgeria  fur- 
coh'  ill  process  of  branching,  viewed 
from  the  dorsal  side,  a.  Apical 
cell  of  parent  shoot ;  b,  apical  cell 
of  daughter  shoot.  (After  Kxy, 
X  circa  370.) 


Fig.  16-2.— Median  longitudinal  section  of  the  vegetative  cone  of  E'luisetum  f'n-<nsf 

in  the  t»^xt.    (x  240.) 


Explanation 


Some  distance  below  the  apical  cell  of  Equh'  tum  nrvenst  the  first  leaf- 
whorl  arises  from  the  vegetative  cone  as  a  circular  wall,  which  grows  by 
the  formation  of  cell  walls  inclined  alternatelv  inwards  and  outwards 
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in  the  wedge-shaped  marginal  cells  which  form  its  surface  layer  (Fig. 
162,  /).  This  is  succeeded  at  a  lower  level  by  other  and  older 
leaf-whorls  (/',/").  An  initial  cell  (g)  may  be  distinguished  in  the 
axil  of  the  second  leaf-whorl,  and  this  is  destined  to  become  the 
three-sided  apical  cell  of  a  side  branch.  In  the  Lycopodinae,  the  most 
highly  developed  of  the  Pteridophytes,  a  distinct  apical  cell  can  no 
longer  be  recognised,  while  in  the  Phanerogams  the  cells  of  the 
vegetative  cone  are  arranged  as  shown  in  the  accompanying  figure  of 
Hipiwris  vulgaris  (Fig.  164),  in  which  the  embryonic  tissues  are  arranged 
in  layers  which,  as  was  first  noticed  by  Sachs,  form  confocal  parabolas. 
The  outermost  layer,  which  covers  both  vegetative  cone  and  also  the 
developing  leaves,  is  distinguished  as  the  dermatogen  (d) ;  the  cells  of 


the  innermost  cone  of  tissue,  in  which  the  central  cylinder  terminates, 
constitute  the  plerome  {pJ)  \  while  the  layers  of  cells  lying  between 
the  dermatogen  and  plerome  are  called  the  periblem  \pr).  In  the 
same  figure  may  be  noticed  the  uniformity  with  which  the  dividing 
walls  of  the  different  layers  intersect  at  right  angles.  This  arrange- 
ment was  regarded  by  Sachs  as  characteristic  of  the  whole  plant 
structure.  The  anticlinal  walls  at  right  angles  to  the  surface  form  a 
system  of  orthogonal  trajectories  for  the  periclinal  walls. 

True  ROOTS  are  first  found  in  the  Pteridophytes,  and  possess  an 
apical  cell  in  the  shape  of  a  three-sided  pyramid  (Fig.  165,  ^).  In 
addition  to  the  segments  given  off"  by  the  apical  cell  parallel  to  its  sides, 
it  also  gives  rise  to  other  segments  (^')  parallel  to  its  base.  It  is  from 
the  further  division  of  these  latter  cap-like  segments  that  the  ROOT-CAP 
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Fig.  163.—^,  Apical  vieAvof  the 
vegetative  cone  of  Equisetu.m 
arvense;  B,  optical  section 
of  the  same,  just  below  the 
apical  cell ;  I,  lateral  Avails 
of  the  segments,    (x  240.) 


Fig.  1G4. — Median  longitudinal  section  of  the 
vegetative  cone  of  Hippur is  vulgaris,  d,  Der- 
matogen ;  pr,  periblem  ;  pi,  plerome  ;  /,  leaf 
rudiment,    (x  240.) 
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is  derived.  In  the  roots,  as  in  the  stems  of  the  Lycopoclinae,  no  apical 
cells  are  found.  In  like  manner  the  roots  of  Phanerogams,  although 
exhibiting  several  different  types  of  root-growth,  follow  the  same  law 
in  the  arrangement  of  their  elements  as  the  vegetative  cone  of  the 
stems.  It  will,  accordingly,  be  sufficient  to  describe  a  root  of  one  of  the 
Gramineae  (Fig.  166)  as  a  representative  of  one  of  these  types.  The 
vegetative  cone  of  this  root  differs  from  that  of  the  stem  previously 
described  (Fig.  164)  in  the  possession  of  a  root-cap.    The  dermatogen 


Fig.  165. — Median  longitudinal  section  of  the  apex  of  a  I'oot  of  Pteris  cretica.    t,  Apical  cell ; 
k,  initial  cell  of  root-cap  ;  kn,  root-cap.    (x  240.) 

(d)  and  periblem  {^yr)  unite  at  the  apex  in  a  single  cell  layer,  outside 
of  which  lies  the  calyptrogen  (k)  or  layer  of  cells  from  which  the 
root-cap  takes  its  origin.  In  many  other  roots,  however,  the  formation 
of  the  root-cap  results  from  the  periclinal  division  of  the  dermatogen 
itself,  which,  in  that  case,  remains  distinct  from  the  periblem.  In  the 
apices  of  Gymnosperms  the  dermatogen,  periblem,  and  calyptrogen 
are  not  marked  out  as  distinct  regions.  In  roots,  as  in  stems,  the 
plerome  cylinder  (|?/)  almost  always  terminates  in  special  initial  cells. 
At  a  short  distance  below  the  growing  point  the  embryonic  tissue 
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loses  its  meristematic  character,  and  becomes  transformed  into  the 
differentiated  bod}^  of  the  plant.  As  a  general  rule,  in  plants  with  an 
epidermis,  primary  cortex,  and  central  cylinder,  the  epidermis  is 
developed  from  the   dermatogen ;   the  primary  cortex  from  the 


Fig.  16G.— Median  longitudinal  section  of  the  apex  of  a  root  of  the  Bsnley,  Horde um  i-ulgarc.  I; 
Calyptrogen  ;  d,  dermatogen  ;  c,  its  thickened  wall ;  pr,  periblem  ;  pi,  plerorae  ;  en,  endodennis  ; 
?j  intercellular  air-space  in  process  of  formation  ;  a,  cell  row  destined  to  form  a  vessel ;  r, 
exfoliated  cells  of  the  root-cap.    (x  ISO.) 

periblem ;  the  central  cylinder  from  the  plerome.  This  differentiation 
of  the  tissues  does  not  take  place  in  all  cases ;  and,  in  fact,  does  not 
extend  to  the  embryonic  tissue,  the  peculiar  cell  arrangement  of  which 
is  due  rather  to  physical  causes.  The  vascular  bundles  must  pass 
through  the  periblem  in  order  to  reach  the  leaves.  The  periblem  is 
therefore  capable  of  producing,  not  only  the  primary  cortex,  but 
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also  the  vascular  bundles  and  accompanying  tissues  of  the  central 
cylinder.  The  terms  dermatogen,  periblem,  and  plerome  are  em- 
ployed merely  for  convenience  to  designate  certain  cell  layers,  and 
are  not  to  be  regarded  as  significant  of  any  peculiar  histogenetic  or 
tissue-forming  ability.  The  external  layer  from  which  the  epidermis 
develops  usually  remains  a  single  cell  layer.  The  rudiments  of  the 
still  undeveloped  vascular  bundles  soon  appear  in  the  central  cylinder 
as  procambium  strands ;  v/hile  the  endodermis  of  roots  is  derived  at 
an  early  stage  from  the  innermost  layer  of  the  cortex. 

In  stems  with  apical  cells  THE  rudiments  of  new  leaves  and 
SHOOTS  are  developed  from  single  peripheral  cells,  or  cell  groups  of  the 
vegetative  cone  (Fig.  162).  In  such  cases,  not  only  the  new  shoots, 
but  even  the  leaves,  usually  begin  their  development  with  an  apical 
cell.  The  apical  cells  of  the  leaves,  however,  soon  disappear,  and 
further  growth  proceeds  along  their  whole  margin. 

In  a  stem  with  no  apical  cell  (Figs.  16,  164)  the  rudiments  of  the 
leaves  and  new  shoots  first  appear  as  small  protuberances,  the  formation 
of  which  is  generally  initiated  by  the  periclinal  division  of  a  group 
of  periblem  cells ;  while,  in  the  meantime,  the  cells  of  the  overlying 
dermatogen  continue  their  characteristic  anticlinal  divisions.  In  the 
case  of  new  shoots  developing  at  some  distance  from  the  growing 
point  of  the  parent  stem,  the  cells  from  which  they  are  destined  to 
arise  retain  for  that  purpose  their  original  embryonic  character.  In 
spring,  as  LuDWiG  Koch  has  shown,  the  formation  of  the  buds  on  the 
rapidly  growing  shoots  of  bushes  and  trees  may  be  postponed,  so 
that  the  rudimentary  lateral  shoots  first  appear  in  the  axils  of  the 
eighth  or  even  the  tenth  youngest  leaves,  and  consequently  at  points 
where  the  differentiation  of  the  surrounding  tissue  has  already  begun. 

The  vegetative  cone,  in  the  case  of  strictly  dichotomously-branch 
ing  shoots  (c/.  Fig.  14),  increases  the  number  of  its  cells  in  the 
direction  of  the  plane  of  the  subsequent  bifurcation,  and  eventually 
gives  rise  to  two  new  growing  points.  With  the  exception  of  those 
Pteridoph)/tes,  whose  roots  as  well  as  stems  are  dichotomously  branched, 
the  branches  of  the  roots  arise  in  acropetal  succession ;  and  their 
branching  first  begins  in  regions  considerably  removed  from  the  grow- 
ing point,  and  where  the  differentiation  of  the  tissues  is  already 
complete.  In  Phanerogams  new  roots  are  developed  in  the  pericycle: 
in  Pteridophytes  in  the  innermost  cortical  layer.  The  lateral  roots 
must  consequently  push  through  the  whole  cortical  layer  of  the  parent 
root.  They  are  situated  either  directly  in  front  of  the  vascular  strands 
of  the  parent  root,  or  between  the  xylem  and  phloem  strands.  The 
number  of  rows  of  lateral  roots  is,  therefore,  as  Van  Tieghem  has 
pointed  out,  either  equal  to  or  double  the  number  of  vascular  strands. 
As  the  strands  of  the  vascular  bundles  of  roots  take  a  straight  course, 
the  lateral  roots  must  similarly  form  straight  rows.  The  distances 
between  the  rows  themselves  are  equal,  or  when  the  lateral  roots  are 
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situated  to  the  right  and  left  of  each  vascular  strand,  the  rows  are 
arranged  in  pairs  with  wider  intervals  between  each  pair. 

Inasmuch  as  a  multicellular  plant  begins  its  development  as  a 
single  cell,  either  from  a  spore  or  fertilised  egg,  and  then  gradually 
passes  into  its  multicellular  condition  with  corresponding  internal  and 
external  differentiation,  IT  repeats  in  its  ontogeny  the  steps  of  its 
PHYLOGENETic  DEVELOPMENT.  These  phylogenetic  processes,  however, 
undergo  material  modification  in  the  course  of  the  ontogenetic  develop- 
ment of  a  plant.  The  internal  modifications  are  in  some  respects  less 
marked  than  those  experienced  by  the  external  organs,  because  the 
internal  inherited  structure  is  less  subject  to  the  disturbing  action  of 
external  influences.  The  ontogeny  of  the  internal  differentiation  of 
a  plant  is  on  this  account  often  of  service  in  determining  its  relation- 
ships. In  most  cases,  it  may  be  safely  said  that  every  change  in  the 
internal  differentiation  of  an  oro-an  is  of  more  o-eneral  sis-nificance  the 
earlier  it  manifests  itself  in  the  development  of  the  embryo,  and  the 
nearer  it  occurs  to  the  growing  point  in  which  the  embryonic  de- 
velopment is  continued.  Conversely,  a  characteristic  is  so  much  the 
more  significant  for  the  determination  of  immediate  relationships, 
the  later  it  makes  its  appearance  in  the  ontogenetic  development. 

Structural  Deviations 

Plants,  even  of  the  same  species,  never  exactly  resemble  each 
other.  Every  individual  organism  has  its  own  peculiar  character- 
istics by  which  it  may  easily  be  distinguished  from  every  other  of  the 
same  species.  To  a  certain  extent  individual  variability  may  be  due 
to  ATAVlSiM,  or  the  reappearance  of  previous  ancestral  qualities.  The 
greater  part,  however,  of  such  individual  VAPJATIONS  are  the  result 
of  newly  developed  peculiarities.  Variations  which  are  inherited  lead 
to  the  development  of  new  varieties.  Independent  or  spontaneous 
deviations  are  often  the  cause  of  monstrosities,  and  as  these  are  apt  to 
disturb  the  regular  functions  of  an  organ  they  are  frequentl}^  the  occasion 
of  disease.  The  study  of  the  abnormal  development  of  plants  is  called 
Phytoteratology.  That  a  plant  becomes  abnormally  developed  may 
be  due  either  to  internal  or  to  external  causes.  As  an  example  of 
variations  occasioned  by  internal  causes  may  be  cited  the  so- 
called  BUD- variations,  which  result  in  the  abnormal  development  of 
single  shoots.  In  like  manner  a  variation  in  the  number  of  the 
members  of  a  floral  or  leaf  whorl  may  occur  as  a  result  of  internal 
causes ;  thus,  for  example,  Paris  quad rif olid  occasionally  exhibits  a 
hexamerous  instead  of  a  tetramerous  symmetry.  The  internal  struc- 
ture of  a  plant  may  likewise  be  disturbed,  and  the  development 
of  its  vascular  water-courses  or  of  its  mechanical  elements  become 
considerably  altered.  In  many  cases  variations  are,  no  doubt,  the 
result  of  changes  in  the  mode  of  nutrition ;  this  fact  has  been 
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taken  advantage  of  by  horticulturists  to  bring  about  certain  wished 
for  results.  Among  EXTERNAL  CAUSES  OF  VARIATIONS  the  influence 
exercised  by  parasites  upon  the  development  of  the  whole  plant  is 
particularly  striking.  Euphorbia  Cyparissias,  when  attacked  by  a  rust 
fungus  (Aecidmm  Euphorhiae),  becomes  sterile,  remains  unbranched, 
has  shorter  and  broader  leaves,  and  in  its  whole  appearance  is  so 
changed  as  scarcely  to  be  recognisable.  Plant  lice  sometimes 
cause  a  flower  to  turn  green,  so  that  instead  of  floral  leaves  green 
foliage -like  leaves  appear.  Another  peculiar  example  of  abnormal 
growths  are  the  GALLS  or  cecidia  produced  on  plants  by  Fungi, 
or  more  frequently  by  insects.  The  eff'ect  of  these  formations 
on  the  normal  development  of  the  tissues  of  a  plant,  is  more  or 
less  disturbing,  according  to  their  position,  whether  it  be  in  the 
embryonic  substance  of  the  growing  point,  or  in  the  tissues  still  in 
course  of  difl'erentiation,  or  finally  in  those  already  developed.  The 
larvte  of  Cecidomyia  rosaria  live  in  the  growing  points  of  willow  stems, 
and  occasion  a  malformation  of  the  whole  stem  by  the  production  of 
galls  known  as  "  willow -roses."  Flies  {Diptera)  often  deposit  their 
eggs  in  the  tissues  of  partially  developed  leaves,  in  consequence 
of  which  the  leaves  become  more  or  less  swollen  and  twisted. 
After  the  leaves  of  the  Oak  have  attained  their  full  growth  they 
are  often  stung  by  a  gall-wasp  of  the  genus  Cynips.  The  poison 
introduced  by  the  sting,  and  also  by  the  larvae  hatched  from 
the  eggs  deposited  at  the  same  time,  occasion  at  first  only  a 
local  swelling  of  the  leaf  tissue,  which  finally,  however,  results 
in  the  formation  of  round,  yellow,  or  red  galls  on  the  lateral 
ribs  on  the  under  side  of  the  leaf.  As  galls  materially  diff'er 
from  one  another  according  to  the  nature  and  cause  of  their  forma- 
tion, it  is  generally  possible  to  determine  the  insect  or  Fungus  by 
which  they  were  induced.  As  an  explanation  of  malformations  which 
originate  in  the  plants  themselves,  some  exciting  cause  must  be  pre- 
sumed which  turns  the  processes  of  development  from  their  usual 
course.  The  earlier  such  an  influence  makes  itself  felt  in  the  rudi- 
ments of  organs  the  more  severe  is  its  eff'ect  upon  their  development. 
When  the  embryonic  substance  of  the  growing  point  is  afl'ected  by 
such  an  influence  altogether  unexpected  modifications  of  the  usual 
order  of  growth  may  result.  As  the  embryonic  substance  of  the 
growing  point  is  of  itself  capable  of  producing  all  such  forms  as 
are  peculiar  to  the  species,  instead  of  a  flower  a  stem  ma}'  be  de- 
veloped, or  the  growing  point  of  a  root  may  continue  its  further 
development  as  a  stem.  Leaves,  even  when  somewhat  advanced  in 
growth,  may  under  changed  conditions  vary  their  usual  character, 
particularly  within  the  limits  of  their  possible  metamorphosis ;  for 
example,  the  staminal  and  carpellary  leaves  of  a  flower  may  thus  become 
transformed  into  additional  perianth  leaves.  The  later  the  rudiments 
of  an  organ  are  acted  upon  by  a  disturbing  influence,  so  much  the  less 
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far-reaching  are  the  modifications  which  it  produces ;  and  thus  inter- 
mediate forms  between  two  organs  may  be  produced  which  correspond 
more  or  less  closely  to  one  or  the  other  of  them.  Finally,  through  the 
capability  of  a  fully-differentiated  tissue  to  renew,  as  a  secondary  meri- 
stem,  its  embryonic  condition,  an  organ  of  an  entirely  different  mor- 
phological value  may  be  produced  instead  of  one  already  in  process  of 
formation ;  in  this  way,  for  example,  a  shoot  may  take  the  place  of  a 
spore  capsule.  Consequently  neither  the  abnormal  interchangeability, 
at  times  manifested  between  morphologically  different  members,  nor 
the  development  of  intermediate  forms  between  them,  can  be  con- 
sidered as  proof  of  their  phylogenetic  connection.  Malformations 

ARE,  ACCORDINGLY,  NOT  TO  BE  ACCEPTED  AS  EVIDENCE  IN  MORPHO- 
LOGICAL QUESTIONS,  EXCEPT  IN  THE  RARE  CASES  WHEN  THEY  MAY  BE 
CONSIDERED  AS  A  REAPPEARANCE  OF  ANCESTRAL  QUALITIES. 
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PHYSIOLOGY 

Plants,  like  animals,  are  living  organisms.  Beginning  their  develop- 
ment with  the  simplest  structure,  and  increasing  in  size  from  internal 
causes,  they  assume  their  definite  form  and  complete  their  existence 
according  to  laws  determined  by  inheritance.  SiUTOunded  by  a  world 
which  differs  very  widely  from  them  as  regards  chemical  constitution, 
they  produce  the  substances  necessary  to  their  growth  from  the  raw 
materials  afforded  by  the  environment.  To  this  end  the  difterent  parts 
of  their  bodies  are  enabled  by  independent  movements  to  take  stich 
relative  positions  as  are  most  favourable  to  their  mode  of  growth.  In 
spite  of  the  number  of  indi\"idual3  and  the  limited  diu^ation  of  life,  the 
continuance  and  extension  of  the  species  are  provided  for  by  an  ability 
to  reproduce  like  organisms. 

XOUEISHATIINT,  INDEPENDENT  GRO\\TH.  POWER  OF  MOVEMENT,  and 

REPRODUCTION  are,  together  with  PJ^SPmATiON,  the  striking  attributes 
which  characterise  plants  as  living  organisms,  and  distinguish  them 
from  all  lifeless  bodies. 

An  organism  consisting  of  but  one  cell,  as  is  shown  by  the  Life  of 
the  simplest  plants,  is  capable  of  exercising  all  the  functions  necessary 
for  the  continuance  of  its  existence.  In  the  case  of  plants,  however, 
which  consist  of  many  himdreds  or  thousands  of  cells  arranged  in  three 
dimensions  of  space,  it  is  impossible,  for  purely  physical  reasons,  that 
all  the  ceUs  should  bear  the  same  relations  to  the  outer  world.  The 
cells  in  the  interior  must  exist  imder  conditions  altogether  different 
from  those  which  are  in  direct  contact  and  intercourse  with  the  world 
outside.  Consequently,  the  differently  arranged  elements  mtist  be 
adapted  for  different  modes  of  life,  and,  since  they  must  exercise  their 
functions  in  different  ways,  must  show  what  is  called  DIFFERENTLA.tiuN. 

This  necessary  division  of  labour  has  led  to  the  development  of 
external  organs  and  internal  structures  wonderfully  adapted  to  the 
requirements  of  the  whole  plant.  Correlated  with  the  various  Classes 
and  relationship  of  plants,  there  are  certain  differences  as  regards 
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form  and  function.  But,  in  all  plants,  those  organs  to  which  the 
same  functions  are  assigned  have  assumed  the  form  most  efl&cient 
for  their  purpose  ;  so  that,  for  example,  the  leaves  and  roots  of  plants 
otherwise  most  dissimilar  are  constructed  on  the  same  general  plan. 
In  proof  of  this  may  be  cited  the  general  terms  leaf,  root,  stem,  and 
flower,  the  comprehensiveness  of  which  is  even  more  evident  in  popular 
speech  than  in  the  technical  language  of  Botany,  which  has  given  to 
these  terms  a  more  strictly  defined  and  limited  meaning. 

Similarity  in  the  appearance  and  structure  of  organs  indicates  the 
exercise  of  common  functions  and  duties ;  while  dissimilarities  in  the 
form  and  structure  of  diff'erent  organs — such  as  the  leaf  and  root — are 
indicative,  on  the  other  hand,  of  their  different  utility  to  the  plant. 
There  lies,  then,  in  the  morphological  and  anatomical  development  of 
an  organ  an  unmistakable  proof  that  it  exists  because  of  its  function, 
and  that  it  is  not  of  accidental  origin. 

The  attributes  and  functions  of  organs,  as  well  as  of  single  cells,  are 
the  subjects  of  physiological  study.  It  is  evident,  however,  that  such 
study  must  be  based  upon  an  intimate  knowledge  of  the  outer  and 
inner  structure  of  plants  ;  just  as  the  working  and  efficienc}'  of  a 
machine  first  become  comprehensible  through  a  knowledge  of  its  con- 
struction. On  the  other  hand,  the  study  of  external  and  internal 
Morphology  becomes  animated  by  Physiology,  and  attains  thereb}^  a 
deeper  purpose  and  meaning. 

It  is  the  province  of  Physiology  to  discover  the  points  of  correspond- 
ence among  the  numerous  individual  phenomena,  and  to  bring  to  light 
such  as  possess  an  essential  functional  significance.  On  the  other  hand,  it 
is  the  variations,  or  family  peculiarities,  which  are  of  value  in  Systematic 
Botany,  since  from  them  a  knowledge  of  family  relationships  may  be 
derived.  For  example,  it  suffices  for  the  physiological  conception  of 
flowers  to  know  that  they  are  the  organs  of  sexual  reproduction  in 
higher  plants ;  that  the  male  cells  are  somehow  developed  from  the 
pollen  formed  in  the  anthers ;  that  from  the  female  cells  enclosed 
within  the  ovules,  after  their  union  with  male  cells,  the  embryos  or 
rudimentary  plants  are  derived.  These  important  facts  are  equally 
true  for  all  flowers,  no  matter  how  dissimilar  they  may  appear. 

The  Physical  and  Vital  Attributes  of  Plants 

With  the  exception  of  the  more  or  less  fluid  developmental  stages 
in  some  of  the  lower  organisms,  as  in  Amoeba  or  the  plasmodia  of 
Myxomycetes,  plants,  in  spite  of  the  great  amount  of  water  contained 
in  them,  are  of  the  nature  of  solid  bodies.  As  such  they  possess  in 
common  even  with  inanimate  objects  the  physical  attributes  of  weight, 
density,  elasticity,  conductivity  for  light,  heat,  electricity,  sound,  etc. 
Important  as  these  attributes  are  for  the  very  existence  and  continu- 
ance of  the  life  of  a  plant,  they  do  not  constitute  that  life  itself 
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Vital  phenomena  are  essentially  bound  up  with  the  liying 
PROTOPLASM.  No  Other  substance  exhibits  a  similar  series  of  remark- 
able and  varied  phenomena,  such  as  we  may  compare  with  the 
attributes  of  life.  As  both  physics  and  chemistry  have  been  restricted 
to  the  investigation  of  lifeless  bodies,  any  attempt  to  explain  vital 
phenomena  solely  by  chemical  and  physical  laws  could  only  be  induced 
by  a  false  conception  of  their  real  significance,  and  must  lead  to  fruit- 
less results.  The  physical  attributes  of  air,  water,  and  of  the  glasses 
and  metals  made  use  of  in  physical  apparatus,  can  never  explain 
qualities  like  nutrition,  respiration,  growth,  irritability  and  repro- 
duction. It  would,  indeed,  be  superfluous  to  emphasise  the  fact,  were 
it  not  that  this  error  is  from  time  to  time  repeated. 

The  phenomena  of  life  can  only  be  studied  and  determined  by  the 
most  careful  observation  and  critical  examination  of  living  organisms. 
It  is  therefore  necessary  to  establish  what  part  the  purely  physical  and 
chemical  properties,  which  belong  to  all  bodies,  take  in  the  phenomena 
of  life,  and  to  what  extent  they  are  essential  to  the  maintenance  of 
life  itself.  A  perception  of  the  strictly  physical  and  chemical  processes 
going  on  within  an  organism  is  especially  desirable,  because  operations 
are  then  involved  with  the  causes  and  elfects  of  which  we  are  alread}^ 
familiar.  In  questions  regarding  strictly  vital  phenomena  the  case  is 
quite  cliiferent ;  for  it  then  becomes  impossible  to  predict  what  effect 
a  particular  cause  will  produce.  The  free  end  of  a  horizontally 
extended  flexible  rod  bends  downwards  merely  by  its  own  weight. 
The  same  result  will  follow  if  any  part  of  a  dead  plant,  such  as 
a  dry  stem,  be  substituted  for  the  rod.  But  if  a  living,  growing 
stem  be  used  in  the  experiment,  then  the  action  of  gravity  will 
manifest  itself  in  a  manner  altogether  at  variance  with  its  ordinary 
operation.  That  part  of  the  stem  which  is  still  in  a  state  of  growth 
will  ultimately  curve  upwards,  and  by  its  own  activity  ASSU3IE  AN 
upright  position  ;  it  moves  in  a  direction^  exactly  contrary  to  the 
attractive  force  of  gravity.  If  a  tap-root  be  similarly  experimented 
upon,  it  will,  on  the  contrary,  continue  its  downward  movement  until 
it  places  itself  in  a  line  with  the  direction  of  the  attraction  ;  a  rhizome, 
however,  under  like  circumstances,  would  constantly  maintain  its 
growing  apex  in  a  horizontal  position. 

In  these  three  experiments  the  force  of  gravity  is  exerted  upon 
flexible  portions  of  plants.  The  physical  conditions  are  the  same  in 
each  case,  yet  how  entirely  diff"erent  the  results  ! 

The  explanation  of  this  dissimilarity  in  the  eff'ects  of  the  action 
of  gravity  is  to  be  sought  in  the  fact  that  gravity  acts  upon  liv- 
ing substances,  not  only  physically  but  also  in  another  way,  as  a 
stimulus  which  induces  a  response  in  the  internal  forces  of  the  plant 
body.  In  these  particular  experiments  it  is  the  force  of  growth 
which,  locally,  either  increases  or  restricts  the  force  of  gravity,  and 
produces  results  which  do   not   correspond  either  qualitatively  or 
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quantitatively  with  the  known  operations  of  the  hivvs  of  gravity. 
Living  substance  is  dominated  by  the  operation  of  stimuli.  Irrita- 
bility is  its  most  important  attribute,  for  it  is  irritability  alone  that 
renders  possible  what  we  call  life. 

By  irritability  is  meant  the  undoubted,  though  not  fully  under- 
stood, connection  between  external  stimuli  and  the  response  of  a 
living  organism.  The  disproportion  that  ma}^  exist  between  a 
cause  and  its  ultimate  effect  is  plainly  apparent  in  a  steam  engine 
in  motion  or  in  the  firing  of  firearms.  The  slight  pressure  of  the 
finger  in  firing  a  cannon  has  as  little  correspondence,  either  quantita- 
tively or  qualitatively,  with  the  destructive  effect  of  the  shot,  as  the 
small  effort  necessary  to  open  the  throttle-valve  of  a  locomotive  to 
the  continuous  motion  of  a  heavily-ladened  goods  train.  The  opening 
of  the  valve  of  an  engine  before  the  steam  is  up  has  no  effect ;  it 
is  only  when,  by  this  process,  the  compressed  steam  is  liberated  that 
it  is  followed  by  such  enormous  results.  In  the  engine  the  connection 
between  the  cause  and  its  effect  is  known  ;  in  the  effects  of  stimuli  on 
protoplasm  this  connection  is  not  apparent,  for  in  the  protoplasm 
the  intermediate  processes  remain  invisible  to  the  eye,  even  when 
aided  by  the  best  microscope.  There  is,  however,  no  occasion  for 
the  supposition  that  the  connection  between  the  stimulating  cause 
and  its  effect  on  the  protoplasm  is  accomplished  by  processes  which 
are  otherwise  foreign  to  the  protoplasm  itself,  and  which  are  called 
into  existence  only  under  the  influence  of  a  special  force,  the  vital  force. 
It  was  formerly  thought  necessary  to  ascribe  not  onl}^  all  indications 
of  life,  but  even  all  the  transforming  processes  carried  on  within 
animate  objects,  to  the  effects  of  a  special  vital  force  or  principle. 
Now,  however,  the  conception  of  the  vital  processes  has  become  so 
modified  as  no  longer  to  require  the  supposition  of  such  a  special 
vital  force ;  while  the  impossibility  of  explaining  the  manifold  variety 
of  their  manifestation  by  the  action  of  a  single  force,  and  the  advances 
made  in  chemistry  (^/.'"  p.  5),  have  shown  the  futility  of  such  a 
supposition. 

Although,  at  the  present  time,  the  existence  of  a  special,  in- 
dependent vital  force  is  denied  by  Physiology,  and  only  such 
agencies  are  accepted  as  are  inherent  in  the  substance  of  an  organ- 
ism itself,  still  we  must  at  the  same  time  take  account  of  such  a 
vital  force  in  so  far  as  it  may  be  regarded  as  the  expression  of  a 
living  substance,  endowed  with  a  peculiar,  internal  structure,  which 
is  in  some  way  so  constituted  that  certain  actions  and  conditions 
are  followed  b}^  definite  vital  processes.  It  is,  then,  this  peculiar 
quality  of  irritability  that  distinguishes  living  protoplasm  from  other 
bodies,  and  which  constitutes  the  fundamental  distinction  between 
living  and  dead  protoplasm.  Such  a  view  is,  however,  not  con- 
trary to  accepted  ideas ;  simple  chemical  bodies,  indeed  even 
chemical  elements,  such  as  sulphur,  phosphorus,  etc.,  exist  in  different 
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"  modifications  "  with  fundamentally  different  peculiarities.  In  con- 
sidering living  organisms,  it  is  the  irritability  or  living  modification 
of  the  protoplasmic  substance  which  must  occupy  the  attention.  The 
object,  therefore,  of  Physiology  consists  principally  in  discovering 
the  attributes  and  characteristics  incident  to  the  modifications  of 
living  protoplasm. 

These  attributes  and  characteristics  are  so  distinctive  as  to 
separate  by  a  wide  gap  living  bodies  from  all  other  matter.  It  is, 
in  fact,  impossible  to  form  any  conception  of  the  manner  in  which 
living  bodies  have  arisen  on  this  once  molten  planet  from  lifeless 
matter.  Acceptance  of  the  theory  of  evolution  authorises,  it  is  true, 
the  transfer  of  the  inception  of  life  on  the  earth  to  geological  periods 
separated  by  millions  of  years  from  the  present  time ;  but  the 
initiative  character  of  such  dawning  life  remains  no  less  incom- 
prehensible. From  a  consideration,  however,  of  the  attributes  of  the 
living  substance,  it  can  with  safety  be  said  that  the  external  con- 
ditions of  life  could  not  at  that  time  have  been  so  very  diff'erent  from 
those  now  existing  on  the  earth ;  for  it  is  a  characteristic  cpiality 
of  living  matter  that  its  vital  activity,  even  its  very  existence, 
is  circumscribed  and  limited  by  external,  cosmic  influences.  The 
vitality  of  vegetable  protoplasm  can  only  be  preserved  within  a 
definite  range  of  temperature,  witliin  about  sixty  degrees  Celsius, 
while  its  full  vital  activity  is  restricted  to  still  narrower  limits.  Too 
intense  light  or  an  insufficiency  of  water  destroys  its  life ;  while  the 
most  minute  quantities  of  certain  poisons  suffice  to  shatter  instantly 
and  irrevocably  that  mysterious  structure,  in  which,  under  favourable 
conditions,  lies  concealed  the  capacity  to  vivify  the  whole  world. 

Although  living  plants  are  themselves  responsible  for  the  manner 
in  which  their  vital  phenomena  manifest  themselves,  they  stand, 
nevertheless,  in  the  closest  reciprocal  relations  with  their  environment, 
upon  the  condition  of  which  they  are  altogether  dependent.  From 
the  outer  world  they  obtain  not  only  their  nourishment,  but  receive 
also  from  it,  particularly  from  the  vibrations  of  light  and  heat,  the 
energy  that  they  again  expend  in  the  manifold  processes  of  their  vital 
phenomena.  It  is  to  the  operation  of  these  external  influences  that 
the  stimuli  are  due  which  constantly  call  forth  in  vegetable  protoplasm 
the  manifestation  of  vital  phenomena.  These  external  influences, 
however,  are  only  serviceable  to  the  processes  of  life  when  they 
operate  within  definite  limits  of  intensity.  The  lowest  limits  of 
intensity  for  the  effective  operation  of  an  external  influence  is 
designated  the  minimum,  the  highest  the  maximum,  while  that 
degree  of  intensity  at  which  it  is  most  operative  in  calling  forth  the 
most  active  manifestation  of  a  definite  vital  phenomenon  is  termed  the 
optimum  (c/.  also  p.  234).  For  the  diff'erent  vital  processes  of  the  same 
plant,  and  also  for  those  of  distinct  plants,  these  so-called  cardinal 
POINTS  are  generally  different.    Thus,  some  plants  flourish  best  when 
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exposed  to  bright  sunlight,  while  the  shade -loving  plants  only  attain 
their  perfect  development  in  a  subdued  light,  such  as  that  of  a  forest. 
Xot  only  does  the  intensity  of  the  required  illumination  differ  for 
different  species  of  plants  and  also  for  individuals  of  the  same  species, 
but  it  may  be  inconstant  even  for  the  same  plant.  Shade  is  absolutely 
essential  for  many  tropical  plants  in  a  young  state,  although  at  a  later 
age  they  can  endure  and  may  even  require  the  full  light  of  the  tropical 
sun. 

On  exposure  to  a  low  temperature,  about  the  freezing  point  of 
water,  most  plants  become  frozen  and  die,  generally.  Very  sensitive 
plants  may  even  become  frozen  at  a  temperature  considerably  above 
zero,  before  ice  has  been  formed  in  their  tissues.  In  the  case  of  other 
plants  the  internal  formation  of  ice  in  their  tissues  does  not  of  itself 
occasion  death.  The  formation  of  ice  always  begins  in  the  inter- 
cellular spaces  and  not  within  the  cells.  Its  continued  formation  is 
accompanied  by  an  increasing  concentration  of  the  cell  sap ;  as  a 
consequence  of  this  ice  first  begins  to  form  in  plants  at  a  temj^erature 
below  zero,  and  onl}'  gradually  increases  in  case  of  a  greater  reduc- 
tion of  temperature. 

I.  The  Stability  of  the  Plant  Body 

One  of  the  most  important  and  essential  physical  attributes  of 
a  plant  is  its  rigidity.  AVithout  that  quality  plants  could  retain 
no  enduring  form.  The  capacity  to  return,  by  their  own  independent 
movement,  to  favourable  positions  from  which  they  may  have  been 
forcibly  disturbed  by  external  influences,  is,  in  trees  and  shrubs,  and 
also  in  the  more  rigid  herbs,  restricted  to  the  extreme  tips  of  the 
growing  stems. 

How  great  are  the  demands  made  upon  the  stability  of  plants 
will  be  at  once  apparent  from  a  consideration  of  a  rye  haulm ;  for 
although  it  is  composed  of  hundreds  of  thousands  of  small  chambers 
or  cells,  and  has  a  height  of  1500  mm.,  it  is  at  its  base  scarcely  3  mm. 
in  diameter.  The  thin  stems  of  reeds  reach  a  height  of  3000  mm.  with 
a  base  of  only  15  mm.  diameter.  The  height  of  the  reed  exceeds  by 
two  hundred  times,  and  that  of  the  rye  haulm  by  five  hundred  times,, 
the  diameter  of  the  base.  In  comparison  with  these  proportions  our 
highest  and  most  slender  buildings,  such  as  tall  chimnej^s,  are 
extremely  thick  structures  ;  in  them  the  height  is  only  from  twelve  to 
seventeen  times  the  diameter  of  the  base.  In  addition,  moreover, 
to  the  great  disproportion  between  the  height  and  diameter  of 
plants,  they  are  often  surmounted  by  a  heavy  weight  at  the  summit ; 
the  rye  straw  must  sustain  the  burden  of  its  ears  of  grain,  the 
slender  Palm  the  heavy  and  Avind- swayed  leaves,  which  in  Lodoicea 
SecheUarum  have  a  length  of  7  m.  and  a  breadth  of  3--1:  m.,  while 
in  the  Palm  Baphia  taedigera  the  leaves  reach  a  size  of  20  m.  in 
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length  and  12  m.  in  breadth.  In  the  case  of  free-growing  j^lants, 
which  attain  the  height  of  high  buildings,  e.g.  Eucalyptus  and  Sefjuoia, 
the  proportions  noticed  in  a  single  grass-haulm  no  longer  obtain. 

In  plants,  however,  the  rigid  immobility  of  a  building  is  not 
required,  and  they  possess  instead  a  wonderful  degree  of  elasticity. 
The  rye  straw  bends  before  the  wind,  but  only  to  return  to  its 
original  position  when  the  force  of  the  wind  has  been  expended. 
The  mechanical  equipment  of  plant  bodies  is  peculiar  to  themselves, 
but  perfectly  adapted  to  their  needs.  The  firm  but  at  the  same 
time  elastic  material  which  plants  produce,  is  put  to  the  most  varied 
uses  by  mankind ;  the  wood  forms  an  easily  worked  yet  sufficiently 
durable  building  material,  and  the  bast  fibres  are  employed  for  a 
variety  of  economic  purposes. 

In  young  stems  and  plants,  in  which  the  stiff  but  elastic  wood 
and  sclerenchymatous  fibres  are  not  developed,  the  necessary  rigidity 
cannot  be  attained  in  the  same  way  as  in  the  older  and  woody  stems. 
But  although  the  principal  component  of  such  young  stems  is  water 
(often  90  per  cent  or  more),  they  maintain  a  remarkable  degree  of 
rigidity  and  elasticity  through  the  elastic  tension  of  their  extremely 
thin  and  delicate  cell  walls. 

Turgidity. — When  air  or  water  is  forced,  under  pressure,  into  an 
elastic  receptacle  such  as  a  rubber  tube,  the  walls  of  the  tube  be- 
come stretched  and  the  tube  longer  and  thicker.  By  this  process 
the  tube  becomes  just  so  much  stifTer  and  firmer  the  greater  the 
internal  pressure  and  the  more  elastic  and  thinner  its  wall.  By  the 
similar  tension  of  their  elastic  cell  walls  arising  from  internal  pressure, 
the  rigidity  and  elasticity  of  thin-walled  plant  cells,  and  organs  com- 
posed of  them,  are  maintained.  The  cellulose  walls  of  parenchymatous 
cells  are,  in  spite  of  their  delicate  structure,  exceedingly  firm  and, 
at  the  same  time,  elastic ;  when  distended,  therefore,  by  a  strong 
internal  pressure  they  exhibit  physical  properties  similar  to  those  of 
a  rubber  tube.  In  order  to  understand  how  such  an  internal  pressure, 
actually  existing  within  a  cell,  can  arise,  it  is  necessary  to  take 
into  consideration .  the  physical  phenomenon  of  osmosis,  first  in- 
vestigated by  the  botanist  Dutrochet,  and  later  more  particularly 
studied  by  Pfeffer  and  De  Vries.  Disregarding  the  recent  and  as 
yet  merely  theoretical  views,  according  to  which  osmotic  pressure,  like 
that  of  steam,  is  supposed  to  be  derived  from  the  impact  of  motile, 
isolated  molecules  or  ions  against  the  walls,  it  wall  be  assumed  that 
osmosis  is  due  simply  to  the  mutual  attraction  of  small  particles  of 
solid  matter  and  their  solvents.  It  depends  also  on  the  molecular 
attraction  which  converts  solid  bodies  into  solutions,  and  which  so 
operates  that  the  dissolved  substances  become  uniformly  distributed 
throughout  the  solution. 

When  two  solutions  of  unequal  concentration  are  separated  by  a 
membrane   which  is  equally  permeable  to  both,  an  attraction  and 
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diffusion  of  both  liquids  will  take  place  through  the  separating  mem- 
brane. If,  however,  the  membrane  is  more  easily  permeated  by  one 
of  the  solutions  than  by  the  other,  then  a  larger  quantity  of  the  one 
than  the  other  will  pass  through  it ;  and,  in  case  the  membrane  is  only 
})ermeable  for  one  solution,  that  one  alone  Avill  be  drawn  through  it. 
If  a  pig's  bladder  be  filled  with  a  solution  of  common  salt  and  then 
immersed  in  water,  the  flow  of  water  into  the  bladder  is  more  rapid 
than  the  outflow  of  the  salt  solution,  and,  in  consequence,  an  internal 
j^ressure  is  exerted  within  the  bladder  sufficient  to  expand  it  to  a  hard, 
rigid  body. 

A  251'essure  similar  to  that  arising  from  the  osmotic  attraction  of 
the  salt  solution  is  produced  in  plant  cells  by  the  substances,  particu- 
larly organic  and  inorganic  acids,  salts  and  sugar  compounds,  held  in 
solution  in  the  cell  sap.  The  living  protoplasm  of  the  cell  does  not 
allow  any  of  the  substances  dissolved  in  the  sap  to  pass  out,  except 
such  as  escape  through  the  diffusion  taking  place  between  the  cells 
themselves.  In  this  process  a  constant  transmutation  and  transforma- 
tion of  the  cell  substances  occurs,  but,  as  may  be  observed  in  cells 
with  coloured  cell  sap,  these  are  held  in  by  the  protoplasm,  and  in 
particular  by  the  protoplasmic  membrane  (p.  51).  These  substances, 
however,  draw  in  water  through  the  cell  walls  and  the  protoplasm^ 
and  so  set  up  a  pressure  within  the  cells  often  as  high  as  3  atmo- 
spheres. In  some  instances  this  pressure  may  amount  to  10,  12,  15, 
and  20  atmosphei'es  {e.g.  cells  of  the  canil)ium  and  medullary  rays  of 
trees).  Thus  a  tension  is  created  which  frequently  exceeds  that 
exerted  by  the  steam  of  the  most  powerful  locomotives.  Through 
the  force  of  such  a  tension  the  cell  walls  become  so  distended,  that 
cells  under  the  influence  of  this  pressure  or  TURGIDITY  become  longer 
and  larger  than  in  their  unexpanded  condition. 

AVhen,  from  any  cause,  the  quantity  of  water  in  such  a  turgescent 
cell  is  diminished  the  internal  pressure  is  naturally  decreased,  and  the 
distended  cell  walls  shrink  together  again.  The  cell  grows  smaller, 
and,  at  the  same  time  losing  its  rigidity  and  elasticity,  becomes  soft 
and  flaccid. 

This  condition  occurs  from  natural  causes  when  a  succulent  plant 
loses  more  water  by  evaporation  than  it  can  replace,  and,  in  conse- 
quence, becomes  flaccid.  Such  a  flaccid  plant  plainly  shows  that  the 
rigidity  is  not  maintained  by  its  framework  of  cell  walls,  but  by  the 
hydrostatic  pressure  within  the  cells,  for  with  a  more  abundant  water 
supply  it  returns  to  its  original  condition. 

In  addition  to  loss  by  evaporation,  water  is  also  withdrawn  from 
cells  by  the  same  molecular  force  which  causes  the  internal  or  endos- 
motic  pressure.  In  cases  where  the  cells  are  surrounded  by  a  solution 
which  exerts  an  attraction  upon  water,  the  turgidity  of  the  cells  is 
proportionally  weakened,  and,  if  the  force  of  the  exosmotic  })ressure  is 
sufficient,  it  may  be  altogether  overcome.    On  account  of  the  consequent 
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PLASMOLYSIS,  or  the  contraction  and  separation  of  the  protoplasm  from 
the  cell  walls,  occasioned  by  the  withdrawal  of  water,  the  tension  of 
the  cell  walls  is  decreased,  and  the  cell  becomes 
flaccid  and  collapses  (Fig.  167),  although  com- 
pletely surrounded  by  an  aqueous  solution.  If 
placed  in  pure  water,  however,  the  previous 
turgescence  of  the  cells  can  be  restored,  that  is, 
if  their  protoplasm  has  not  been  too  strongly 
affected  by  the  action  of  the  solution.  If  the 
protoplasm  has  been  killed  in  the  process,  it 
becomes  permeable  to  water,  and  it  is  no 
longer  possible  to  set  up  an  internal  pres- 
sure. Fresh  sections  of  Beets  or  Carrots, 
placed  in  M^ater,  give  up  none  of  their  sugar 
or  colouring  matter  ;  but  after  the  protoplasm 
has  been  killed  (by  cooking  or  freezing),  the 
sugar  and  colouring  matter  at  once  escape  into 
the  surrounding  water,  and  the  sections  lose 
their  firmness  and  rigidity. 

Through  a  knowledge  of  tlie  strength  of  a  sohition 
necessary  to  produce  plasmolysis,  a  means  is  afforded 
of  measuring  the  internal  pressure  witliin  plant  cells. 
For  example,  if  a  solution  of  saltpetre  with  an  osmotic 
pressure  of  5  atmospheres  (a  1  per  cent  solution, 
according  to  Pfeffer'.s  investigations,  gives  rise  to  a 
pressure  of  about  3^  atmospheres)  is  just  sufficient  to 
overcome  the  turgidity  of  a  plant  cell  (which  in  the 
case  of  stretched  elastic  cells  shows  itself  by  the  limit 
of  contraction  being  reached),  then,  conversely,  the 
cell  sap  exerts  upon  water  an  equivalent  endosmotic 
pressure.  The  force  required  to  forcibly  stretch  a 
flaccid  or  plasmolysed  organ  to  its   original  length 

furnishes  also  a  rougli  means  of  estimating  the  jiressure  developed  in  turgescent 
tissues. 

In  the  tension  produced  by  turgidity  we  see  how  purely  physical 
processes  determine  the  rigidity  of  plants.  These  physical  processes 
are,  however,  dependent  upon  the  vital  functions  of  plants,  inasmuch 
as  they  can  only  be  called  into  action  by  living  protoplasm.  Living 
plant  cells  have  thus  power  to  regulate  the  physical  effects  of  osmotic 
pressure  by  increasing  or  diminishing,  or  even  suddenly  overcoming 
their  turgidity  (cf.  Movements  of  Irritability,  p.  269).  It  will  also  be 
apparent,  in  considering  the  operation  of  other  physical  forces,  that 
the  primary  and  essential  result  of  the  vital  action  is  to  give  rise  to 
the  operation  of  physical  processes,  to  favour,  constrain,  or  vary  them 
in  such  a  way  that  they  become  of  service  to  plant  life. 

Tension   of  Tissues.  —  The  rigidity  of  parenchymatous  tissue. 


Fig.  167. — Iiiternodal  cell  of 
Xitella.  F,  Fresh  and  tur- 
gescent ;  p,  Avith  turgor 
I'educed,  flaccid,  shorter 
and  smaller,  the  proto- 
plasm separated  from  the 
cell  walls  in  folds ;  .-^n, 
lateral  segments.  ( x  circa 
6.) 
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although  to  a  large  extent  dependent  upon  the  tension  arising  from  the 
turgidity  of  its  individual  cells,  is  nevertheless  considerably  enhanced 
by  the  opposing  pressure  between  the  inner  and  outer  tissue  sj'stems, 
in  particular,  l)etween  the  pith  and  the  epidermal  and  cortical  tissues. 
The  pith  in  this  case  represents  the  cell  sap,  as  it  is  continually 
striving  to  increase  its  volume  ;  the  epidermal  and  cortical  layers,  on 
the  other  hand,  by  the  pressure  of  the  internal  pith  cylinders,  are 
stretched  and  distended,  just  as  are  the  cell  walls  by  the  osmotic  pres- 
sure of  the  cell  sap.  The  tension  thus  arising  from  the  mutual  resist- 
ance of  different  tissue  systems  acts  upon  the  various  plant  organs 
like  the  turgidity  of  the  single  cells,  and  keeps  them  firm  and  rigid. 

The  tension  of  tissues  is  easily  demonstrated  by  removing  a  strip 
of  the  peripheral  tissue  from  a  piece  of  a  turgescent  stem  (of  a  Sun- 
flower, Helianthus,  for  example),  and  cutting  out  the  pith.  It  will  be 
found  that  the  outer  tissue  at  once  becomes  shorter,  and  the  pith 
longer  than  when  they  were  both  united  in  the  stem.  If  the  length 
of  the  stem  experimented  upon  was  50  cm.,  the  cortical  strip 
would  shrink  to  46  cm.,  and  the  pith  lengthen  to  55-60  cm.  From 
this  experiment  it  will  be  seen  that  the  natural  length  of  a  stem 
represents  the  equilibrium  maintained  betw^een  the  tendency  of  the 
pith  to  elongate  and  of  the  outer  tissues  to  conti'act.  The  cortical 
tissue  between  the  epidermis  and  the  pith  affords  a  transition  between 
the  two  extremes  of  tension,  the  inner  cell  layers  are  compressed  like 
the  pith,  and  the  outer  layers  stretched  like  the  epidermis.  The 
tension  of  tissues  is  also  demonstrated  by  the  fact  that  each  strip  of 
a  fresh  shoot  which  has  been  split  longitudinally  will  curve  outward, 
so  that  the  pith  forms  the  convex,  the  epidermis  the  concave  side. 

There  is  often  a  great  difference  in  tension  even  between  the  outer  and  inner 
layers  of  the  tissue  of  hollow  organs,  such  as  the  stalks  of  a  Dandelion  {Taraxacum 
officinale),  which,  when  split  longitudinally,  curl  into  helices  of  many  turns, 
especially  if  jjlaced  in  water.  A  tension  exists  wherever  resistant  and  unequally 
•strained  tissues  are  in  contact,  and  often  occurs  in  parts  of  plants  where  it  does  not 
assist,  as  in  the  leaves  and  stems,  in  maintaining  the  rigidity  of  the  plant  body. 
Longitudinal  and  transverse  tensions  occur,  particularly  when,  through  secondary 
growth,  newly  formed  growing  tissues  have  to  overcome  the  resistance  of  other 
tissues.  In  this  way  the  primary  and  then  the  secondary  cortex  of  trees  become 
greatly  stretched  by  the  new  cambial  growth,  so  much  so,  that  if  a  ring  of  bark 
be  removed  from  a  stem  and  then  placed  round  it,  its  edges  cannot  be  brought 
together  again,  even  by  the  expenditure  of  considerable  force,  on  account  of  the 
tangential  contraction  which  has  taken  place. 

In  the  meristematic  tissues  of  growing  points  there  is  scarcel}^  any 
perceptible  tension,  while,  on  the  other  hand,  in  regions  which  are  in 
a  state  of  elongation  the  tension  of  the  tissues  attains  its  highest  limit. 
After  an  organ  has  completed  its  growth  the  elasticity  of  the  cell  walls 
and  the  turgescence  of  the  cells  decrease  ;  and  the  tension  of  the 
tissues  is  therefore  also  diminished.    The  requisite  rigidity  is,  however. 
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provided  for  by  special  groups  of  cells  with  thickened  and  hardened 
walls,  which  thus  constitute  a  firm  framework  for  the  other  tissues 
similar  to  the  bony  skeleton  of  the  higher  animals. 

Meehanieal  Tissues  (Stereome). — The  supporting  framework  of 
plants  is  provided  by  the  thick- walled  elements  of  the  wood,  the 
thickened  sclerenchymatous  fibres  of  the  fundamental  tissue  and  the 
bast,  and  more  rarely  b}^  groups  of  stone-cells.  The  resistance  which 
these  forms  of  tissue  offer  when  the  attempt  is  made  to  cut  or  break 
them  affords  sufficient  evidence  of  their  hardness,  tenacity,  and  rigidity. 
Moreover,  Schwendener  has  been  able  to  determine  their  mechanical 
value  by  means  of  exact  ph^'sical  experiments  and  investiga- 
tions. According;  to  such  estimates,  the  sustainins;  strength  of 
sclerenchymatous  fibres  is,  in  general,  equal  to  the  best  wrought-iron 
or  hammered  steel,  while  at  the  same  time  their  ductility  is  ten  or 
fifteen  times  as  great  as  that  of  iron.  Just  as  the  mechanical  tissues 
of  the  internal  framework  of  plants  exhibit  the  physical  properties 
most  essential  for  their  purpose,  their  arrangement,  as  Schwexdexer 
showed,  will  also  be  found  equally  well  adapted  to  the  various  ends  in 
view,  according  as  they  may  be  required  to  withstand  the  strain  of 
flexure,  traction,  or  pressure.  To  withstand  bending,  and  to  offer  the 
utmost  possible  resistance  to  it,  a  peripheral  disposition  of  the  rigid 
mechanical  tissue  is  the  most  favourable. 

When  a  straight  rod  (Fig.  168)  is  bent,  the  convex  side  elongates 
and  the  concave  side  contracts,  that  is,  the 
outer  edges  {a,  a  and  a',  a)  are  exposed  to 
the  greatest  variations  in  length,  while, 
nearer  the  centre  (/,  /  and  i')  the  deflec- 
tion a:id  consequent  variations  in  length 
are  less.  Accordingl}',  if  the  supporting 
skeleton  of  a  plant  stem  be  placed  near 
the  centre  {i,  i'),  then  a  considerable  degree 
of  curvature  is  possible  with  but  little 
flexure  of  the  mechanical  tissue.  Xearer 
the  periphery  it  would  be  subject  to 
greater  strain,  and  so  ofi"er  a  greater  re- 
sistance to  the  deflectins;  force.  In  erect 
stems  and  flower-stalks,  where  rigidity  is 
an  essential  requirement,  the  mechanical 
tissue  is  situated  at  the  periphery,  and 
often  takes  the  form  of  projecting  ridges 
(Fig.  169,  ],  2).  In  roots,  and  in  many 
rhizomes  and  stolons,  as  they  must  push 
circuitously  between  impeding  obstacles, 
the  skeleton  system  is  central,  as  by  this 
arrangement  it  is  subject  to  less  deflection,  and  can  more  eflectuallj^ 
sustain  strains  upon  its  longitudinal  elasticity  (Fig.  169,  4).    Fig.  169,  3 


Fig.  168. — Longitucliual  section  of  an 
elastic  cylinder  before  and  after 
curvature.  Before  cm-vature  the 
peripheral  (a.  a)  and  central  (i,  i) 
vertical  lines  are  of  the  same  length 
(31-4  mm.).  After  curvature  the 
peripheral  line  a'  is  G"2  mm.  longer ; 
the  other  peripheral  line  a  &Z  mm. 
shorter.  At  the  same  time  the 
central  lines  undergo  but  little 
change  of  dimensions  ;  i  is  length- 
ened 1-2  min.,  i  1-3  mm.  shortened. 
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represents  a  transA'erse  section  through  a  hand-like  leaf  of  Phormium 
tenax,  the  Xew  Zealand  flax,  which  may  reach  a  length  of  two  metres; 
it  illustrates  how  such  a  leaf  is  strengthened  by  sclerenchymatous 


Fig.  169.— Disposition  of  inechanical  tissue  to  secure  rigidity.  Transverse  sections,  1,  of  a  young 
shoot  of  Samhuciis ;  2,  of  the  floral  shoot  of  Eryngiinn ;  3,  of  a  leaf  of  Phormixim  tenox  ;  4,  of  a 
root ;  c,  coUencliyina  ;  sclerenchynia  finictioniug  as  inechanical  tissue  (deeply  shaded) ;  g, 
green,  and  v,  colourless  leaf  parenchyma  ;  //,  hypoderina. 


plates  and  strands.  The  mechanical  elements  of  this  leaf  afford  the 
strongest  English  ships'  cables. 

Where,  hoAvever,  pressure  must  be  guarded  against  (as  in  Plum- 
stones,  and  in  Hazel  and  Walnuts),  the 
mechanical  resistance  is  maintained  by 
an  arching  mass  of  sclerotic  cells,  which, 
like  sclerenchymatous  fibres,  are  often 
further  strengthened  by  deposits  of 
mineral  matter. 

Stems  of  trees  which  have  to  support 
heavy  and  frequently  large  crowns,  must, 
like  pillars,  be  constructed  to  withstand 
pressure  and  bending. 

All  such  heavily  thickened,  inflexible 
skeletal  elements  have  lost  their  capacit}' 
for  growth,  and  cannot,  therefore,  be 
utilised  in  those  parts  of  plants  which 
are  in  an  actively  growing  state.  In 
such  cases  where  greater  rigidity  is  re- 
quired than  can  be  maintained  by  cell 
turgidity  and  tissue  tension,  it  is  secured  by  the  development  of 
COLLENCHYMA  (p.  78).  This  tissue,  according  to  Ambronx's  re- 
searches, in  addition  to  its  extreme  resistance  to  tearing,  possesses  the 
power  of  elongating  under  the  influence  of  the  force  of  growth.  The 


Fi<;.  170.  —  Di;iL;raniiiiatic  transverse 
seetiniis,  to  show  method  of  securing 
rigidity  by  folding 
the  outspri'ad  orga 
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more  capable  it  is  of  growth  the  more  it  res})onds  to  the  growth  in  its 
neighbourhood.  It  forms,  so  to  speak,  the  cartilaginous  tissue  of 
plants.  In  many  organs,  as  for  exam})le  in  leaf- stalks,  coUenchj'ma  is 
the  permanent  strengthening  tissue. 

Since,  as  has  already  been  pointed  out,  the  resistance  of  the 
mechanical  elements  to  flexure  is  greater  the  farther  they  are  removed 
from  the  centre  of  an  organ,  it  will  be  readily  seen  tliat,  while  a 
flattened,  outspread  organ  can  be  easily  bent,  if  it  were  folded  or  rolled 
together,  its  power  of  resisting  a  deflecting  force  would  be  increased. 
In  accordance  with  this  principle  many  leaves  become  plaited  or  rolled 
(Fig.  1 70),  and  so  acquire  a  sufficient  rigidity  without  the  assistance  of 
any  specially  developed  mechanical  tissues. 


II.  Nutrition 

By  nutrition  are  understood  all  the  processes  of  mp:tabolism,  or 
the  chemical  transformation  and  conversion  of  matter  carried  on 
by  plants  in  the  production  and  appropriation  of  their  food-supply. 
"Without  nourishment  and  without  new  building  material  no  growth 
or  development  is  possible.  As  the  processes  of  elaboration  and 
secretion  are  continuous,  if  the  food-supply  is  not  kept  equal  to  the 
demands  made  upon  it,  the  death  of  the  organism  from  starva- 
tion must  ensue,  while  a  continuance  of  its  growth  and  further 
development  is  only  possible  when  there  is  a  surplus  of  the  elaborated 
food  material. 

The  Constituents  of  the  Plant  Body. — By  means  of  chemical 
analysis  the  constituent  substances  of  plants  have  been  accurately 
ascertained.  It  requires,  however,  no  analysis  to  realise  that  a  part, 
often  indeed  the  greater  part,  of  the  weight  of  a  plant  is  derived  from 
the  water  with  which  the  whole  plant  is  permeated.  Water  not  only 
fills  the  cavities  of  living,  fully-developed  cells,  but  it  is  also  present  in 
the  protoplasm,  cell  walls,  and  starch  grains.  By  drying  at  a  tempera- 
ture of  110"-120°  C.  all  water  may  be  expelled  from  vegetable  tissues, 
and  the  solid  matter  of  the  plant  will  alone  remain.  The  amount  of 
dried  substance  in  plants  varies  according  to  the  nature  and  variety  of 
the  plant  and  of  the  particular  organ.  In  woody  parts  it  constitutes 
up  to  50  per  cent  of  their  weight,  but  in  herbaceous  plants  amounts 
to  only  20  or  30  per  cent.  In  more  succulent  plants  and  fruits  it 
makes  up  only  .5-15  per  cent  of  their  total  weight;  in  water-plants 
and  Algae,  2-5  per  cent,  while  everything  else  is  water. 

The  dried  substance  of  plants  is  combustible,  and  consists  of 
organic  compounds,  which  contain  but  little  oxygen,  and  are  converted 
by  combustion  into  simple  inorganic  compounds,  for  the  most  part 
into  carbonic  acid  and  water.  The  elements  CARBON,  hydrogen,  and 
OXYGEN  form  the  chief  constituents  of  the  combustible  dried  substance. 
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Next  to  them  in  quantity  is  nitrogen,  which  is  derived  principally  from 
the  protoplasm.  After  combustion  of  the  dried  substance  of  plants 
there  always  remains  an  incombustible  residue,  the  ash,  consisting  of 
the  mineral  substances  contained  in  the  plant.  As  these  mineral 
substances  undergo  transformation  during  the  process  of  combustion, 
they  are  found  in  the  ash  in  different  chemical  combinations  than  in 
living  plants.  From  numerous  analyses  made  of  the  ash  of  a  great 
variety  of  plants,  it  has  been  determined  that  nearly  all  the  elements, 
even  the  less  frequent,  are  present  in  plants. 

In  addition  to  the  four  already  named,  the  elements  found  in  the  ash  of  plants 
are  sulj^hur,  phosphorus,  chlorine,  iodine,  bromine,  fluorine,  selenium,  tellurium, 
arsenic,  antimony,  silicon,  tin,  titanium,  boron,  potassium,  sodium,  lithium, 
rubidium,  calcium,  strontium,  barium,  magnesium,  zinc,  copper,  silver,  mercury, 
lead,  aluniinium,  thallium,  chromium,  manganese,  iron,  cobalt,  and  nickel. 

Many  of  these  elements,  indeed,  occur  only  occasionally  and  acci- 
dentally, while  others — sulphur,  phosphorus,  chlorine,  silicon,  potassium, 
sodium,  calcium,  magnesium,  and  iron — are  met  with  in  almost  every 
ash.  As  might  be  inferred  from  the  irregular  occurrence  of  many  of 
the  elements,  they  are  not  all  necessary  for  nutrition,  and  although 
their  occasional  presence  in  a  plant  may  sometimes  change  certain  of 
its  special  characteristics  (thus  the  presence  of  zinc  produces  the  so- 
called  calamine  varieties,  such  as,  for  example,  Thlaspi  aljiestre  var. 
calaminare,  Viola  lutea  var.  calaminaria,  etc.),  they  do  not  exercise  a 
decisive  influence  upon  its  existence. 

The  Essential  Constituents  of  Plant  Food. — Chemical  analysis, 
while  enabling  us  to  determine  the  substances  present  in  plants,  does 
not  show  how  far  they  are  essential  for  nutrition.  From  culture 
experiments,  in  which  the  plants  are  grown  in  a  medium  of  which  the 
constituents  are  known,  and  kept  under  chemical  control,  it  has  been 
ascertained  that,  in  addition  to  carbon,  hydrogen,  oxygen,  and 
nitrogen,  which  form  the  principal  part  of  the  combustible  elements 
of  the  dry  substance  of  plants,  sulphur,  phosphorus,  potassium, 
calcium,  magnesium,  and  iron  are  absolutely  indispensable  to  the 
growth  of  all  green  plants.  In  the  absence  of  even  a  single  one  of 
these  elements  no  normal  development  is  possible. 

According  to  Molisch,  only  nine  of  these  elements  are  required  by  the  Fwiuji.  It 
is  not,  lioAvever,  iron,  as  might  be  supposed,  but  calcium,  that  is  unessential.  On 
the  other  hand,  the  ten  substances  named  suffice  for  the  nutrition  of  most  green 
plants  ;  but  it  is  not  to  be  denied  that  certain  other  substances  are  of  use  in  the 
plant  economy  and  of  advantage  to  growth,  although  not  indispensable.  Thus, 
for  example,  Buckwheat  flourishes  better  when  supplied  with  a  chloride,  and  the 
presence  of  silica  is  advantageous  as  contributing  to  the  rigidity  of  the  tissues. 
It  has  also  been  discovered  that  by  the  presepce  of  certain  substances,  in  them- 
selves of  no  nutritive  value,  the  absori)tion  of  actual  nutritive  matter  is  increased 
{cf.  p.  175).     In  the  case  even  of  the  very  poisonous  copper  salts,  experience 
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has  taught  that  when  they  are  brought  into  contact  with  the  leaves  (by  sprink- 
ling the  plants  with  solutions  to  prevent  the  inroads  of  insects),  they  exercise  a 
beneficial  influence  on  the  formation  of  chlorophyll,  and  increase  assimilation, 
transpiration,  and  the  length  of  life. 

The  nutritive  substances  are,  naturally,  not  taken  up  by  plants  as 
elements,  but  in  the  form  of  chemical  compounds.  Carbon,  the 
essential  component  of  all  organic  substances,  is  obtained  by  all  green 
plants  solely  from  the  carbonic  acid  of  the  atmosphere,  and  is  taken 
up  by  the  green  leaves.  All  the  other  constituents  of  the  food  of 
plants  are  drawn  from  the  soil  by  the  roots.  Hydrogen,  together  with 
Oxygen,  is  obtained  from  water,  although  the  oxygen  is  derived  also 
from  the  atmosphere  and  from  many  salts  and  oxides.  Nitrogen  is 
taken  up  by  the  higher  plants  only  in  the  form  of  nitrates  or  ammonium 
salts.  As  the  ammonia  of  the  soil  formed  by  the  soil  bacteria  from 
organic  decaying  matter  is  transformed  by  the  help  of  other  so- 
called  nitrifying  bacteria  into  nitrites,  and  eventually  into  nitrates, 
only  the  nitrogen  combined  in  the  nitrates  need  be  taken  into 
consideration. 

Bacteria,  as  contrasted  with  the  higher  plants,  are  particularly  characterised  by 
their  attitude  towards  nitrogen.  In  addition  to  the  bacteria,  which,  by  their 
nitrifying  capability,  are  of  service  to  green  plants,  there  are  other  soil  bacteria 
Avhich  set  free  the  nitrogen  of  nitrogenous  compounds  and  thus  render  it  unservice- 
able for  the  nutrition  of  green  plants.  On  the  other  hand,  other  forms  of  bacteria 
convert  the  free  nitrogen  of  the  air  into  compounds  (amides  ?)  which  serve 
not  only  for  themselves,  but  also  for  the  higher  plants  as  convenient  nitrogenous 
food  material.  This  remarkable  nitrifying  power  of  bacteria  has  led  to  a  life 
partnership  (symbiosis)  between  them  and  some  of  the  higher  plants  {Leguminosae). 
In  such  symbiotic  relations  the  bacteria  provide  the  higher  plants  with  nitrogen  in 
a  form  in  which  it  may  be  assimilated,  while,  in  turn,  they  are  supplied  with  the 
carbon  compounds  essential  for  their  nutrition  {cf.  p.  211  and  Fig.  186). 

SuLPHURand  PHOSPHORUS  form,  like  nitrogen,  important  constituents 
of  protoplasm.  All  proteid  substances  contain  sulphur.  The  sulphur 
is  taken  into  plants  in  the  form  of  sulphates ;  phosphorus  in  the  foim 
of  phosphates.  Potassium,  unlike  sodium,  is  essential  to  plant  life,  and 
is  presumably  active  in  the  processes  of  assimilation  and  in  the  forma- 
tion of  protoplasm  ;  it  is  introduced  into  plants  in  the  form  of  salts, 
and  constitutes  3-5  per  cent  of  the  weight  of  their  dried  substance. 
Magnesium,  like  potassium,  participating  in  the  most  important 
synthetic  processes  of  plants,  is  found  in  combination  with  various 
acids,  particularly  in  reservoirs  of  reserve  material  (in  seeds  to  the 
extent  of  2  per  cent)  and  in  growing  points  (in  leaves  only  |  per  cent). 
Calcium  also  is  taken  up  in  the  form  of  one  of  its  abundant  salts,  and 
in  considerable  quantities  (2-8  per  cent).  Calcium  plays  an  im- 
portant part  in  the  metabolic  processes  of  plants,  not  indeed  as  an 
actual  constituent  of  protoplasm,  but  as  a  vehicle  for  certain  other 
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essential  substances,  and,  through  its  capacity  to  form  compounds,  as  a 
means  of  fixing  and  rendering  harmless  hurtful  by-products.  Iron, 

although  of  the  greatest  importance  in 
the  formation  of  chlorophyll,  is  present 
in  plants  only  in  small  quantities. 

In  order  to  determine  the  nutritive 
value  of  different  substances  the  method 
of  WATEH-CULTURE  has  proved  particu- 
larly useful  (Fig.  171).  In  these  culture 
experiments  the  plants,  grown  either 
directly  from  the  seed  or  from  cuttings, 
are  cultivated  in  distilled  water  to 
which  have  been  added  certain  nutritive 
salts.  If  all  the  essential  nutritive  salts 
are  present  in  the  culture  solution, 
even  larger  plants,  such  as  Indian  Corn, 
Beans,  etc.,  will  grow  to  full  strength 
and  mature  seeds  as  Avell  as  if  grown  in 
earth.  It  is  not  necessary  in  these  ex- 
periments to  provide  carbon  compounds 
in  the  nutrient  solution,  as  plants  do 
not  derive  their  carbon  supply  through 
their  roots,  but,  with  the  help  of  their 
leaves,  from  the  carbonic  acid  of  the 
atmosphere. 

The  young  plants  would  grow  for  a 
time  just  as  well  in  pure  distilled  water 
as  in  the  nutrient  solution ;  but  as  the 
supply  of  nourishment  stored  in  the 
seeds  became  exhausted,  they  would 

and  die.  If 
constituents  of 
plant  food  be  omitted  from  the  nutrient 
solution,  although  the  young  plants 
would  grow  better  than  in  the  dis- 
tilled water,  they  would  in  time  be- 
AVhen,  for  example,  a  j^lant  is  grown 
in  a  nutrient  solution  containing  all  the  essential  food  elements 
except  iron,  the  new  leaves  developed  are  no  longer  green,  but  are  of  a 
pale  yellow^  colour;  they  are  " chlorotic,''  and  not  in  a  condition  to 
decompose  the  carbonic  acid  of  the  atmosphere  and  nourish  the  plant. 
Upon  the  addition,  however,  of  a  mere  trace  of  iron  to  the  solution  the 
chlorotic  leaves  in  a  very  short  time  acquire  their  normal  green  colour. 


gradually  cease  to  gn 
one  of  the  essential 


Fig.  171.— Water-cultures  of  Fagopyrum 
csruli'iitii III.  I.  Ill  nutrient  solution 
ediitaiiiiiiL;-  imtassiuin  ;  //.,  in  nutrient 
Sdlutimi  witliDUt  potassium.  (After 
NOBBE,  reiluceil.) 


come 


abnormally  developed. 


So  long  as  the  necessary  nutritive  substances  are  provided,  the  form  in  whicli 
they  are  ottered  to  the  plants,  as  well  as  the  ])ro})ortionate  strengtli  of  the  nutrient 
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isolution  (if  not  too  concentrated),  may  vary.  Plants  have  the  power  to  take  up 
these  substances  in  very  different  combinations,  and  are  able  to  absorb  them  in 
other  proportions  than  those  in  which  they  occur  in  the  soil.  In  concentrated 
nutrient  solutions  the  absorjttion  of  water  is  increased  ;  conversely,  in  very  dilute 
solutions  it  is  the  salts  that  are  chiefly  taken  up.  The  presence  also  of  certain 
substances  often  exerts  an  active  and  generally  beneficial  influence  upon  the 
capacity  for  absorbing  other  substances  :  thus,  calcium  salts  increase  the  absorp- 
tion of  potassium  and  ammonium  salts.  The  following  are  the  proportions  of  one 
among  tlie  many  nutrient  solutions  recommended  : 

Distilled  Avater  ......    1000  to  1500  grams. 

Potassium  nitrate      .....  1*0  ,, 

Magnesium  sulphate  .        .        .        .        .  0"5  ,, 

Calcium  sulphate      .....  0'5  ,, 

Calcium  or  potassium  phosphate       .        .  0*5  ,, 

To  this  solution  a  trace  of  some  iron  salts  should  be  added. 

The  solution  should  be  kept  in  the  dark  to  prevent  the  development  of  algoid 
growths,  and  occasionally  aerated  during  the  culture  experiment. 

As  a  most  important  result  of  such  culture  experiments,  it  lias 
been  demonstrated  that  only  the  ten  elements  already  named  are 
necessary  for  the  growth  of  plants ;  all  other  elements,  although 
present  in  plants  in  large  quantities,  are  of  subordinate  value  to  plant 
life.  This  is  true,  for  instance,  of  sodium,  which  in  combination  Avith 
CHLORINE  actually  predominates  in  some  j^lants,  and  occasions  the 
characteristic  development  of  many  of  the  succulent  salt-plants ;  and 
also  of  SILICON,  which,  as  silica,  is  so  abundantly  deposited  in  the  cell 
walls  of  many  plants — Equisetaceae,  Grasses,  Sedges,  Diatoms  (in  the  ash 
of  Wheat-straw  70  per  cent,  and  of  Equisetaceae  70-97  per  cent) — 
that,  after  combustion  of  their  organic  substances,  it  remains  as  a  firm 
siliceous  skeleton,  preserving  the  structure  of  the  cell  walls.  The 
hardness  and  firmness  of  the  cell  walls  are  so  greatly  increased  b\^ 
these  siliceous  deposits  that  some  of  the  Equisetoxeae  are  even  used  for 
polishing  and  scouring ;  while  the  margins  of  grass  blades,  from  a 
similar  deposition  of  silica  in  their  cell  Avails,  are  often  rendered  sharp 
and  cutting.  The  silicified  cell  walls  of  Diatoms  occur  as  fossils,  and 
form  deposits  of  siliceous  earth  (Kieselguhr)  in  some  geological  for- 
mations. The  value  of  the  siliceous  concretions,  termed  "  Tabasheer," 
that  are  found  within  the  joints  of  Bamboo  has  not,  as  yet,  been 
satisfactorily  explained.  Aluminium,  although  like  silica  everywhere 
present  in  the  soil,  is  only  in  exceptional  instances  taken  up  by  plants. 
Aluminium  has  been  detected  in  the  ash  of  Lycopodiaceous  plants  ; 
Lycvpodium  conwlanatuin  contains  a  sufficient  quantity  of  acetate  of 
aluminium  to  render  the  sap  useful  as  a  mordant.  Tlie  same  salt  is 
found  also  in  Grapes.  On  the  other  hand,  although  scarcely  a  trace  of 
iodine  can  be  detected  by  an  analysis  of  sea-water,  it  is  found,  neA^erthe- 
less,  in  large  quantities  in  sea-Aveeds,  so  much  so  that  at  one  time 
they  formed  the  principal  source  of  this  substance. 
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It  was  first  asserted  by  C.  Spkengel,  and  afterwards  emphasised 
by  LiEBiG,  that  the  mineral  salts  contained  in  plants,  and  once  sup- 
posed to  be  products  of  the  vital  processes  of  the  plants  themselves, 
were  essential  constituents  of  plant  food.  Conclusive  proof  of  this 
important  fact  was,  however,  first  obtained  by  the  investigations  of 

WiEGMANN  and  POLSTORFF. 

The  actual  proportions  of  tlie  more  important  asli  constituents  of  some  well- 
known  plants  can  be  seen  from  the  following  table  of  ash  analysis  by  Wolff.  The 
table  also  shows  exactly  what  demands  those  plants  make  upon  the  soil,  that  is, 
what  substance  they  take  away  from  it,  in  addition  to  the  nitrates  which  do 
not  ajipear  in  the  ash. 

The  great  diflFerence  brought  out  by  the  table  in  the  proportions  of  the  more 
important  phosphoric  acid  and  of  the  less  essential  silica  and  lime  contained  in  Rye 
and  Pea  seeds,  as  compared  with  the  amounts  of  the  same  substances  in  the  straw, 
is  worthy  of  especial  notice. 


Plants. 

Asli  in 
100  parts  of 
dry  solid 
matter. 

100  Parts  of  ash  contain 

KoO 

NaoO 

CaO 

MgO 

FeaOg 

Mn304 

P-205 

SO3 

SiOo 

CI 

Rye  (grain) 

2-00 

32-10 

1-47 

2-94 

11-22 

1-24 

47-74 

1-28 

1-37 

0-48 

Rye  (straw) 

4-4G 

22-5(3 

1-74 

8-20 

3-10 

1-91 

6-53 

4-25 

49-27 

2-18 

Pea  (seeds) 

-73 

43-10 

0-9S 

4-81 

7-99 

0-83 

35-90 

3-42 

0-91 

1-59 

Pi'a  (straw) 

5-13 

2-J-90 

407 

36-82 

8-04 

1-72 

8-05 

6-26 

6-83 

5-64 

Potato  (tubers) 

3-7!t 

60- 06 

2-96 

2-64 

4-93 

1-10 

16-86 

6-52 

2-04 

8-46 

Grape  (fruit) 

5-19 

oti-20 

1-42 

10-77 

4-21 

0-37 

15-58 

5-62 

2-75 

1-52 

Tea  (leaves) 

5-20 

34-30 

10-21 

14-S2 

5-01 

5-48 

14-97 

7-05 

5-04 

1-84 

Coffee  (beans)  . 

3-19 

(12 -47 

1-64 

9-(i9 

0-65 

13-29 

3-80 

0-54 

0-91 

Tobacco  (leaves) 

17-lG 

2y-un 

3-21 

36-02 

7-36 

1-95 

4-66 

6-07 

5-77 

6-71 

Cotton  (fibres)  . 

1-14 

39-nt3 

13-16 

17-52 

5-36 

0-60 

10-68 

5-94 

2-40 

7-60 

Spruce  (wood)  . 

0-21 

19-156 

1-37 

33-97 

11-27 

1-42 

23-'96 

2-42 

2-64 

2-73 

0-07 

Plants  which  require  a  large  amount  of  potassium,  such  as  the  Potato,  Grape- 
vine, and  Coffee-tree,  are  termed  potash  plants. 

In  the  preceding  table  the  figures: do  not  express  absolutely  constant  propor- 
tions, as  the  percentage  of  the  constituents  of  the  ash  of  plants  varies  according  to 
the  character  of  the  soil ;  thus,  the  proportion  of  potassium  in  Clover  varies  from 
9  to  50  per  cent  ;  the  proportion  of  calcium  in  Oats  from  4  to  38  per  cent. 

The  Process  of  Absorption. — As  all  matter  taken  up  by  plants 
must,  as  a  rule,  pass  through  continuous  cell  walls,  it  must  be  absorbed 
in  a  liquid  or  gaseous  state.  The  only  exception  to  this  rule  occurs  in 
the  amoeboid  forms  of  the  lower  plants  (Amoebae  and  Plasmodia), 
which,  as  they  have  no  cell  w^alls,  are  in  a  condition  to  take  up  and 
again  extrude  solid  matter  (small  animals,  living  or  dead,  also  plants 
and  particles  of  inorganic  substances). 

The  fact  that  plant  cells  are  completely  enclosed  by  continuous 
walls  renders  it  necessary  that  food,  to  pass  into  the  cell^  must  be 
either  liquid  or  gaseous.  In  this  condition  the  constituents  of  plant 
food  are,  however,  imperceptible,  and  thus  the  manner  of  plant  nutrition 
remained  for  a  long  time  a  mystery,  and  it  was  only  during  the 
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last  century  that  the  nature  of  the  nourishment  and  nutritive  processes 
of  plants  was  recognised. 

Plant  nourishment  is  dependent  upon  the  permeability  of  the  cell 
walls  to  liquids  and  gases.  Although  impervious  to  solids,  the  cell 
walls  of  living  cells  are  permeated  with  "  imbibed  "  water ;  and  to  this 
"  IMBIBITION  WATER  "  in  the  Cell  walls,  together  with  the  physical  char- 
acter of  the  cell  walls  themselves,  are  due  their  flexibility,  elasticity,  and 
ductility.  The  permeability  of  cell  walls  for  imbibition  water  is  only 
possible  within  certain  limits,  so  that  they  thus  retain  the  character 
of  solid  bodies. 

Ti'eated  with  certain  chemical  reagents  (potassium  hydrate,  sulphuric  acid, 
etc.)  cell  walls  become  swollen  and  gelatinous,  or  even  dissolve  into  a  thin 
mucilaginous  slime.  This  change  in  their  character  is  due  to  an  increase  in  the 
amount  of  their  imbibition  water,  induced  by  the  action  of  the  chemicals  ;  other- 
wise, the  Avater  imbibed  by  ordinary  cell  walls  is  limited  in  amount.  The  Avails 
of  Avoody  cells  take  up  by  imbibition  about  one-third  of  their  Aveight ;  the  cell  Avails 
of  some  seeds  and  fruits  and  of  many  Algae  absorb  many  times  their  OAvn  volume. 

The  cell  walls  are  not  only  permeable  to  pure  water, 
BUT  ALSO  TO  SUBSTANCES  IN  SOLUTION.  This  fact,  that  the  cell  wall 
offers  no  resistance  to  the  diffusion  of  crystalloid  bodies  when  in 
solution,  is  of  the  utmost  importance  to  plant  nutrition ;  cell  walls, 
on  the  other  hand,  Avhich  are  scarcely  or  not  at  all  permeable  to 
liquids  (cuticularised  walls),  take  no  part  in  the  absorption  of  plant 
nourishment,  except  in  so  far  as  they  may  still  be  permeable  to  gases. 

In  order  that  liquids  may  enter  by  osmosis  into  the  living  cell,  they 
must  first  pass  through  the  protoplasm,  i.e.  the  lining  of  the  cell  wall. 
Living  protoplasm  is  not,  however,  like  the  cell  walls,  equally  per- 
meable to  all  substances  in  solution,  but,  on  the  contrary,  completely 

EXCLUDES  certain  SUBSTANCES,  WHILE  ALLOWING  OTHERS  TO  PASS 

through  more  or  LESS  READILY.  Moreover,  it  is  able  to  change 
its  permeability  according  to  circumstances,  and  thus  THE  outer 

PROTOPLASMIC   MEMBRANE  HAS  THE  POWER  OF  DECISION,  whether  a 

substance  may  or  may  not  effect  an  entrance  into  the  cell.  Similarly 
the  INNER  PROTOPLASMIC  MEMBRANE  exercises  a  similar  but  often 
quite  distinct  power  over  the  passage  of  substances  from  the  proto- 
plasm into  the  cell  sap.  The  same  determinating  power  is  exercised 
by  these  membranes  in  the  transfer  of  substances  in  a  reverse  direction. 
On  account  of  the  selection  thus  exercised  by  the  protoplasm,  it  is 
possible  that,  in  spite  of  continued  osmotic  pressure,  the  contents  of  a 
cell  are  often  of  quite  a  different  chemical  nature  from  the  immediately 
surrounding  medium.  To  this  same  peculiar  quality  of  the  proto- 
plasmic membranes  is  also  due  the  selective  power  of  cells,  manifested 
by  the  fact  that  different  cells,  or  the  roots  of  different  plants, 
appropriate  from  the  same  soil  entirely  different  compounds  ;  so 
that,  for  instance,  one  plant  will  take  up  chiefly  silica,  another 
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lime,  a  third  common  salt,  while  the  aluminium,  on  the  other  hand, 
is  rejected  alike  by  all  three.  The  action  of  sea -weeds  in  this 
respect  is  even  more  remarkable  ;  living  in  a  medium  containing  3 
per  cent  of  common  salt,  and  but  little  potassium  salts,  they  nevertheless 
accumulate  much  larger  quantities  of  potassium  than  sodium.  In 
addition  they  store  up  phosphates,  nitrates,  and  iodine, — substances 
which  are  all  present  in  sea-water  in  such  small  quantities  as  scarcely 
to  be  detected  by  chemical  analysis. 

That  osmosis  may  continue  from  cell  to  cell,  it  is  essential  that 
the  absorbed  material  must  become  transformed  into  something  else, 
either  by  the  activity  of  the  protoplasm  or  by  some  other  means. 
Local  accumulations  of  sugar  or  other  soluble  reserve  material  in 
fruits,  seeds,  bulbs,  and  tubers  would  otherwise  not  be  possible ;  for 
osmotic  action,  if  undisturbed,  must  in  the  end  lead  to  the  uniform 
distribution  of  the  diffusible  substances  equally  throughout  all  the 
cells.  But  if  equilibrium  is  prevented  by  the  transformation  of  the 
diffusible  substances  into  others  that  are  indiffusible,  the  osmotic 
currents  towards  the  transforming  cells  will  continue,  and  the  altered 
and  no  longer  diffusible  substances  will  be  accumulated  in  them.  In 
this  manner  glucose  passing  into  the  cells  of  tubers  or  seeds  becomes 
converted  into  starch.  As  a  result  of  this  a  constant  movement  of 
new  glucose  is  maintained  towards  these  cells,  which  thus  become 
reservoirs  of  accumulated  reserve  material. 

From  the  power  of  protoplasm  to  regulate  osmotic  currents,  in  that 
by  reason  of  its  permeability  it  allows  the  osmotic  forces  to  operate, 
or,  on  the  other  hand,  may  modify  and  altogether  prevent  them,  it  is 
apparent  that  here  also,  just  as  in  the  case  of  the  rigidity  of  plants, 
osmosis,  although  a  purely  physical  phenomenon,  is  controlled  by  the 
protoplasm  and  rendered  serviceable  to  plant  life. 


Water  and  Mineral  Substances 

The  fact  that  water  is  essential  to  the  life  of  all  living  organisms  is 
so  obvious  that,  in  the  infancy  of  natural  history  and  philosophy,  from 
Thales  to  Empedocles,  water  was  regarded  as  the  original  principle 
of  all  existence,  at  least  of  the  organic  world.  Even  so  late  as  the  six- 
teenth century  it  was  held  by  Van  Helmoxt,  the  first  to  investigate 
experimentally  the  question  of  the  nutrition  of  plants,  that  the  whole 
substance  of  plants  was  formed  of  water.  If  the  importance  of  water 
in  this  respect  was  greatly  overrated,  the  universal  necessity  of  water 
for  all  vital  processes  is  still  recognised  in  the  present  more  advanced 
stage  of  scientific  knowledge.  Without  water  there  can  be  no  life. 
The  living  portions  of  all  organisms  are  permeated  with 
water  ;  it  is  only  when  in  this  condition  that  their  vital  processes 
can  be  carried  on.    Protoplasm,  the  real  vehicle  of  life,  is,  when  living. 
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of  a  viscous,  thinly  fluid  consistencj^,  and  when  freed  from  its  water 
either  dies  or  becomes  perfectly  inactive. 

The  circumstance  tliat  protoplasm,  Avlieii  in  a  state  of  inactivity,  as  in  spores 
and  seeds,  can  often  endure  a  certain  degree  of  desiccation  for  a  limited  time,  forms 
no  exception  to  this  rule.  During  such  periods  its  actual  vital  functions  entii'ely 
cease,  and  only  renew  their  activity  when  water  is  again  supplied. 

In  most  plants  desiccation  occasions  death,  and  it  is  always  to  be  regarded  as 
due  to  some  special  provision  or  exceptional  quality  when  entire  plants  or  their 
reproductive  bodies  can  be  again  brought  to  life  by  a  subsequent  supply  of  water. 
Thus,  for  example,  some  Algerian  species  of  Isodcs,  and  the  Central  American 
SelagineUa  hpidophyUa,  can  withstand  droughts  of  many  months'  duration,  and 
on  the  fii'st  rain  again  burst  into  life  and  reneAv  tlieir  growth.  In  like  manner 
many  Mosses,  Liverworts,  Lichens,  and  Algae  growing  on  bare  rocks,  tree-trunks, 
etc.,  seem  able  to  sustain  long  seasons  of  drought  without  injury.  Seeds  and 
spores,  after  separation  from  their  parent  plants,  remain  productive  for  a  long 
time  ;  seeds  of  Mimosa,  which  had  been  kept  dry  for  over  sixty  years,  proved  as 
capable  of  germination  as  those  of  recent  growth.  A  similar  vitality  was  shown  by 
moss  spores  whicli  had  lain  in  a  herbarium  fifty  years.  The  often-repeated  assertion 
concerning  the  germination  of  Avheat  found  with  Egyptian  mummies  ("mummy- 
wheat  ")  has,  however,  been  shown  to  be  erroneous.  Many  seeds  lose  tlieir  power 
of  germination  after  having  been  kept  dry  for  only  a  year  ;  others,  even  after  a  few 
days  ;  and  others  again,  as  the  seeds  of  the  willow,  cannot  endure  drying  at  all.  It 
must  not  be  forgotten  that  in  all  tliese  instances  a  certain  amount  of  hygroscopic 
water  is  retained  by  plants  even  when  the  air  is  quite  dr}-.  Over  the  sulphuric 
acid  of  the  desiccator,  seeds  retain  for  weeks  6  jier  cent  or  more  of  tlieir  weight  of 
Avater.  The  withdrawal  of  this  hygroscopically  absorbed  water  kills  all  vegetable 
tissues  without  exception. 

Apart  from  permeating  and  energising  the  cells,  water  has  other 
and  more  varied  uses  in  plant  life.  It  is  not  only  directly  indis- 
pensable for  the  solution  and  transportation  of  the  products  of 
metabolism,  but  also  indirectly,  in  tliat  its  elements,  hydrogen  and 
oxygen,  are  made  use  of  in  organic  compounds  in  plant  nutrition. 
"Water  thus  used  (cf.  p.  200)  may  be  designated  constitution  ^YATER. 
It  is  also  necessary  for  the  turgidity  and  consequent  rigidity  of  paren- 
chymatous cells  (p.  165) ;  it  is  of  use  in  the  process  of  the  growth  of 
plant  cells,  which  take  it  up  in  large  quantities,  and,  through  their 
consequent  expansion,  enlarge  their  volume  with  but  little  expenditure 
of  organic  substance. 

A  further  and  still  more  important  service  which  water  performs 
for  plants  consists  in  THE  conveyance  and  introduction  into  the 

PLANT  BODY  OF  THE  NUTRIENT  SUBSTANCES  OF  THE  SOIL.  Although 

a  large  amount  of  water  is  retained  in  the  plant  body  (up  to  96  per 
cent  in  succulent  tissues)  for  the  maintenance  of  rigidity  and  enlarge- 
ment of  the  organs,  a  still  larger  cpiantity  of  the  water  taken  up  by 
the  roots  passes  through  the  plant  merely  as  a  medium  for  the  trans- 
port of  nourishment,  and  is  again  discharged  through  the  leaves  by 
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evaporation.  By  this  transpiration  from  the  aerial  part  of  plants, 
the  water  passing  into  them,  from  the  roots  escapes,  and  at  the  same 
time,  by  preventing  saturation,  which  would  otherwise  be  produced, 
tends  to  maintain  a  continuous  upward  movement  of  the  water.  The 
current  of  water  thus  produced  is  accordingly  termed  the  transpira- 
tion CURRENT.  As  the  result  of  evaporation  only  water,  in  the  form 
of  vapour,  and  gases  can  escape  from  the  plant.   As  the  watery  fluid 

ABSORBED  BY  THE  ROOTS  CONTAINS  SALTS,  OXIDES,  AND  OTHER  NON- 
VOLATILE SUBSTANCES  IN  SOLUTION,  THESE  ON  EVAPORATION  ARE  LEFT 
IN    THE    PLANT    AND    GRADUALLY    INCREASE    IN    QUANTITY.  This 

accumulation  of  mineral  salts  is  absolutely  necessary  for  the  plant,  for 
the  nutrient  water  taken  up  by  the  roots  is  so  weak  in  mineral 
substances  (it  contains  but  little  more  solid  matter  than  good  drinking- 
water),  that  the  plant  would  otherwise  obtain  too  little  food  if  it  were 
only  able  to  take  up  as  much  water  as  it  could  retain  and  make 
use  of. 

All  those  contrivances  in  plants,  therefore,  which  render 

POSSIBLE    OR    promote    EVAPORATION,    OPERATE     CHIEFLY     IN  THE 

SERVICE  OF  NUTRITION.  Were  transpiration  not  in  the  highest  degree 
useful  and  even  necessary  for  the  acquisition  of  mineral  substances, 
provision  would  certainly  have  been  made  by  plants  to  restrict  it 
within  the  smallest  possible  limits.  For  transpiration  increases  the 
amount  of  water  required  by  plants  disproportionally  to  their  powers 
of  absorption,  and  exposes  them,  moreover,  to  the  danger  of  perishing 
through  the  insufficiency  of  their  water-supply. 

Herbaceous  land  plants  evaporate,  in  a  few  days,  according  to  the  calculations 
of  Sachs,  more  than  their  own  weight  of  water.  A  Tobacco  or  Sunflower  plant  will 
lose  by  evaporation  in  one  day  as  much  as  a  litre  of  water  ;  and  it  has  been 
estimated  that  trees  lose  in  the  same  way  50-100  litres  dail}-. 

In  spite  of  the  increased  danger  of  drying  up,  as  the  result  of 
evaporation,  special  provision  is  made  by  plants  for  facilitating  trans- 
piration (p.  188).  To  supply  the  increased  demands  for  water  thus 
produced  there  is  set  up  a  strong  current  of  water  containing  nutritive 
salts  in  solution,  which  passes  through  the  plants,  and  after  jdelding  up 
its  solid  constituents,  escapes  in  the  form  of  invisible  aqueous  vapour. 
Thus  plants,  in  order  to  obtain  their  nutrient  substances,  proceed  in 
the  same  manner  as  the  smaller  animals  (Sponges,  Ascidians),  which 
draw  in  and  maintain  a  continual  flow  of  water  through  their  bodies, 
in  order  to  retain  as  food  the  nourishing  particles  suspended  in  it. 

The  Absorption  of  Water. — "  Water,"  as  here  used,  it  must 
always  be  remembered,  does  not  mean  chemically  pure  water,  but  rather 

a  DILUTE  WATERY  SOLUTION  OF  VARIOUS  SUBSTANCES  IN  THE  ATMO- 
SPHERE, FROM  THE  MINERAL  SALTS  OF  THE  EARTH,  AND  FROM  ORGANIC 

HUMUS.    In  this  connection  it  is  also  necessary  to  emphasise  the  fact 

that    LIVING    PLANTS    DO    NOT    ABSORB    THIS    NUTRIENT   WATER  IN- 
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ACTIVELY  AND  INVOLUNTARILY,  as  a  spoiige,  but  through  the  peculiar 
selective  power  of  their  cells  (p.  177)  they  exercise  a  choice  from 
among  the  substances  available. 

The  simpler  and  less  highly  developed  plants,  which  are  but  slightly 
differentiated,  are  able  to  absorb  water  through  the  surface  of  their 
whole  body.  This  is  also  generally  true  of  all  submerged  aquatic  plants, 
even  of  the  Phanerogams.  Water-plants  which  obtain  their  nourish- 
ment in  this  way  often  either  possess  no  roots  {Utricularia,  Salvinia), 
or  their  roots  serve  merely  as  mechanical  hold-fasts.  With  plants 
living  on  dry  land  the  conditions  are  quite  different ;  their  stems 
and  leaves  develop  in  the  air,  and  they  are  restricted  to  the  water  held 
by  capillarity  in  the  soil.  In  order  to  obtain  this  water  in  sufficient 
quantities,  special  organs  are  necessary,  which  may  spread  themselves 
out  in  the  soil  in  their  search  for  water.  These  organs  must  absorb 
the  water  from  the  soil,  and  then  force  it  to  the  aerial  portions  of  the 
plant.  This  office  is  performed  for  a  land  plant  by  its  root  system, 
which,  in  addition  to  providing  the  supply  of  water,  has  also  the  task 
of  mechanically  sustaining  the  plant,  and  withstanding  all  influences 
which  could  lead  to  a  disturbance  of  equilibrium  by  loosening  the  hold 
of  the  plant  on  the  earth. 

Conversely,  loose  soil  is  naturally  bound  together  by  the  branching  roots  ;  and 
on  this  account  plants  have  an  economic  value  in  holding  together  loose  earth, 
particularly  on  dykes  and  land  subject  to  inundation. 

If  the  development  of  the  root  system  of  a  germinating  Bean  or 
Oak  be  observed,  it  will  be  found  that  the  growing  root  of  the  embryo 
at  once  penetrates  the  soil  and  pushes  straight  downwards.  Lateral 
roots  are  then  given  off  from  the  main  axis,  and,  growing  either 
horizontally  or  diagonally  downwards,  penetrate  the  earth  in  the 
neighbourhood  of  the  primary  root.  These  lateral  secondary  roots  in 
turn  develop  other  roots,  which  radiate  in  all  directions  from  them, 
and  so  occupy  and  utilise  the  entire  soil  at  their  disposal.  The 
branching  of  the  root  system  can  proceed  in  this  manner  until,  within 
the  whole  region  occupied  by  the  roots  of  a  large  plant,  there  is  not  a 
single  cubic  centimetre  of  earth  which  is  not  penetrated  and  exhausted 
by  them. 

All  plants  do  not  form  a  deep-growing  tap-root  like  that  of  the  Oak,  Silver  Fir, 
Beet,  Lucerne,  etc.  ;  some  confine  themselves  to  utilising  the  superficial  layers  of 
the  soil  by  means  of  a  thickly-branched  lateral  root  system  (Pine,  Cereals).  The 
agriculturist  and  forester  must,  accordingly,  take  into  consideration  the  mode  of 
branching  and  growth  of  the  roots  of  a  plant  just  as  much  as  the  liabit  of  growth  of 
its  aerial  portions.  Plants  wdiich  make  use  of  different  layers  of  soil  may  be 
safely  cultivated  together  in  the  same  soil,  and  succeed  one  another  in  the  same 
ground.  For  similar  reasons,  in  setting  out  trees  along  the  borders  of  fields,  the 
deep-rooted  Elm  should  be  preferred  to  the  Poplar,  whose  roots  spread  out  near  the 
surface. 

Gardeners  are  in  the  habit  of  cutting  off  the  tap-roots  for  the  sake  of  conveni- 
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Fig.  172. — Tip  of  a  root-hair  with  adhering 
imrticles  of  soil,    (x  circa  240.) 


ence  in  transplanting  or  for  pot  cnltiire,  and  also  to  force  a  more  vigorous  develo}!- 
ment  of  the  lateral  roots. 

Desert  or  xeropliilous  plants,  according  to  the  observations  of  Yolkex-s,  send 
out  deeply  penetrating  roots,  which  only  branch  profusely  on  reaching  depths 
•where  they  find  water. 

In  order  to  secure  a  still  more  intimate  contact  with  the  particles 

of  the  soil,  there  are  produced  from 
the  surface  of  roots  small,  exceed- 
ingly numerous  and  fine,  cylindri- 
cal bodies,  which  penetrate  the 
smallest  interstices  of  the  soil,  and 
fasten  themselves  so  closely  to  its 
smallest  particles  as  to  seem  actu- 
ally grown  to  them  (Fig.  172). 
These  ultimate  branches  of  the  root  system,  - 
which  discover  the  very  smallest  quantity 
of  moisture,  and  seek  out  the  most  con- 
cealed crevices  in  their  search  for  nourish- 
ment, are  the  root-haies  (p.  95), — delicate 
tubular  outgrowths  of  the  epidermal  cells. 
Although  they  have  the  diameter  of  only 
a  medium  -  sized  cell,  and  appear  to  the 
naked  eye  as  fine,  scarcely  visible,  glistening 
lines,  they  often  attain  a  length  of  several 
millimetres  and  enormously  enlarge  the  ab- 
sorbing surface  of  their  parent  root.  Accord- 
ing to  F.  ScHWARZ  the  epidermal  surface  of 
the  piliferous  zone  of  the  roots  of  Pisum, 
which  has  230  root-hairs  to  the  square  milli- 
metre, is  thus  increased  twelvefold. 

The  root -hairs  do  not  cover  the  whole 
surface  of  roots,  not  even  in  the  youngest  roots, 
but  only  a  comparatively  small  zone,  a  short 
distance  above  the  groAving  root-tip.  Soon  after 
they  have  attained  their  greatest  length,  and 
have  come  into  the  closest  contact  with  the 
earth  particles,  they  die  off.  New  root-hairs  are 
developed  to  supply  their  place,  so  that  a  zone 
of  root-hairs  is  thus  constantly  maintained  just 
above  the  root-tip ;  while  beyond  this  advancing 
zone  of  hairs  the  root  epidermis  becomes  again 
completely  divested  of  root-hairs  (Fig.  173). 
To  be  convinced  of  this  fact,  it  is  only  necessary 
to  carefully  pull  up  a  young  plantlet  growing  in 
a  loose  and  not  too  dry  soil,  as  such  a  condition 
is  especially  favourable  for  the  development  of  root-hairs.    Each  root. 


G.  173.— Seedling  of  Carpinv.s 
Betulus.  r.  Zone  of  root- 
hairs  near  root-tip  ;  1i,  hypo- 
cotyl ;  hu-,  main  root ;  si<; 
lateral  roots ;  /,  V,  leaf ;  c, 
epicotyl ;  c,  cotyledons. 
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just  above  the  tip,  will  be  found  clothed  for  a  short  distance  with  earth 
particles  held  fast  by  root-hairs,  which  thus  mark  the  zone  occupied  by 
them.  The  older  parts  of  roots,  even  in  plants  which  persist  for  many 
years,  take  no  part  in  the  process  of  absorption.  They  envelop  them- 
selves with  cork,  increase  their  conducting  elements  by  growth  in 
thickness,  and  function  exclusively  in  the  transfer  of  the  water 
absorbed  by  the  younger  portion  of  the  roots.  Even  in  the  young 
roots  the  absorption  seems  principally  confined  to  the  regions  covered 
with  root-hairs,  or,  in  case  no  root-hairs  are  developed,  to  a  correspond- 
ing zone  of  the  root  epidermis. 

Through  the  intimate  union  of  the  youngest  roots  with  the  soil, 
they  are  able  to  withdraw  the  minute  quantity  of  water  still  adhering 
to  the  particles  of  earth,  even  after  it  appears  perfectly  dry  to  the  sight 
and  touch.  There  still  remains,  however,  a  certain  percentage  of 
water,  held  fast  in  the  soil,  which  the  roots  are  not  able  to  absorb. 
Thus,  Sachs  found  that  the  water  left  by  a  Tobacco  plant,  and  which 
it  could  not  absorb,  amounted  in  cultivated  soil  to  12  per  cent,  in 
loam  to  8  per  cent,  and  in  sand  to  1|  per  cent.  The  root-hairs  seem 
to  take  up  chiefly  the  substances  held  by  the  soil  by  means  of  its 

ABSORPTIVE  POWER. 

The  absorptive  power  of  soil  depends,  partly,  upon  chemical  changes  taking 
place  within  it,  but  partly  also  on  physical  processes  (the  superficial  adhesive 
force  of  its  particles).  The  chemical  changes  are  especially  concerned  with  the 
retention  of  ammonium  and  potassium  salts,  as  well  as  phosphates  ;  the  former  as 
difficultly  soluble  silicates  or  double  silicates,  while  phosphoric  acid  is  held  in 
combination  with  calcium  or  iron.  Magnesium  and  calcium  salts  are,  on  the 
contrary,  but  slightly  absorbed.  They,  are,  like  the  chlorides,  the  nitrates,  and, 
in  part,  also  the  sulphates,  easily  displaced  ;  in  soil  treated  with  a  solution  of 
saltpetre,  for  example,  the  potassium  Avill  remain  in  combination  in  the  soil,  while 
calcium  nitrate  passes  off'  in  solution. 

Humus  acids  contribute,  to  a  certain  extent,  to  the  chemical  changes  occurring 
in  soil,  as  do  also  soil  bacteria,  which  possess  strongly  oxidising  and  reducing  powers. 

The  absorptivity  of  the  soil,  which,  moreover,  is  not  absolute,  and  varies  with 
diff"erent  soils  (sandy  soil  absorbs  poorly),  operates  advantageously  for  plants  by 
the  consequent  rapid  accumulation  of  large  supplies  of  food-material  for  their 
gradual  absorption. 

The  absorptive  power  of  soil  for  water  is  due  to  its  capacity  to  retain  water  by 
capillarity,  so  that  it  does  not  run  off.  Of  the  soils  investigated  by  Sachs, 
cultivated  soil  retained  in  this  way  46  per  cent,  loam  52  per  cent,  and  sand  only 
21  per  cent  of  water. 

The  activity  of  the  roots  in  providing  nourishment  is  not  only 
manifested  in  overcoming  the  adhesive  and  absorptive  power  of  the 
soil.  The  young  roots,  and  especially  the  root-hairs,  in  addition  to 
the  carbonic  acid  exhaled  by  them,  and  which,  no  doubt,  also  aids  in 
loosening  the  soil,  excrete  a  stronger  acid,  by  means  of  which  they 
dissolve  otherwise  insoluble  substances.  Eoots  growing  upon  a 
polished  plate  of  marble  will  so  corrode  it  that  an  etched  pattern  of 
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their  course  and  direction  is  thus  obtained.  By  placing  the  roots  upon 
litmus  paper,  it  may  be  demonstrated  that  the  corrosion  is  due  to  the 
action  of  an  acid. 

The  nutrient  water  with  which  the  cell  walls  of  the  epidermal  cells 
and  root-hairs  first  become  permeated  is  taken  up  by  the  epidermal 
cells,  and  thence  j^asses  through  the  cortical  cells  and  the  endodermis 
(p.  113)  to  the  central  cylinder  of  the  root. 

The  Distribution  of  the  Nutrient  Water — 1.  Root-Pressure. — 
The  causes  which  determine  the  direction  and  strength  of  the  movement 
of  the  water  through  the  living  cells  of  the  root-cortex  into  the  vascular 
bundles  are  not  yet  fully  understood.  The  fact  that  the  water  does 
actually  pass  into  them,  but  at  times  indeed  is  forced  into  them  with 
a  considerable  pressure,  may  be  easily  demonstrated.    If  the  stem  of  a 


strongly 


plant,  such  as  the  Sun- 


flower, Dahlia,  or  Indian  Corn,  be  cut  off 
close  above  the  ground,  and  the  cut 
surface  dried  and  then  examined  with  a 
magnify  in  g-glass,  water  will,  in  a  short 
time,  be  seen  to  exude  from  the  severed 
ends  of  the  bundles.  By  close  inspection, 
it  is  also  possible  to  determine  that  the 
water  escapes  solely  through  the  vascular 
or  woody  portion  of  the  bundles.  When 
the  soil  is  kept  warm  and  moist  the  out- 
flow will  be  greater,  and  will  often  con- 
tinue for  several  days.  During  this  time, 
a  half-litre  or  more  of  water  will  be  dis- 
charged. This  water,  as  analysis  shows, 
is  not  pure,  but  leaves  on  evaporation 
a  residue  of  inorganic  and  organic  sub- 
stances. 

Again,  if  a  hollow  glass  tube  be  placed 
on  the  root-stump  and  tightly  fastened  by 
rubber  tubing,  the  exuded  fluid  will  be 
forced  up  the  glass  tube  to  a  considerable 
height.  How  great  the  force  of  this 
pressure  is  may  be  shown  b}'  attaching 
an  S  tube  to  the  stump  and  closing  it 
with  mercury  (Fig.  174).  The  column 
of  mercury  will  in  some  cases  be  forced 
to  a  height  of  50  or  60,  and  under  favour- 
able conditions  to  100  or  more  centi- 
metres, thus  indicating  a  root-pressure 
which  may  sometimes  considerably  exceed 
one  atmosphere,  and  is  of  sufficient  power  to  raise  a  column  of  water 
6,  8,  and  1 3  metres 


Fig.  I*i4. — ^^'^igo^ous  exudation  of  water 
as  the  result  of  root-pressure  from 
a  cut  stem  of  Dahlia  variahilis. 
The  smoothly  cut  stem  s  is  joined 
to  the  glass  tube  g  by  means  of 
tlie  rubber  tubing  c.  The  water 
II',  absorbed  by  the  roots  from  the 
soil,  is  pumped  out  of  the  vessels 
of  the  stem  with  a  force  sufficient 
to  overcome  the  resistance  of  the 
column  of  mercury  Q. 


high. 
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If,  instead  of  the  etfects  of  the  pressure,  the  vohmie  of  water  exuded  each  horn- 
be  observed,  the  remarkable  fact  will  be  demonstrated  that  the  roots  regularly 
discharge  more  water  at  certain  hours  than  at  others  (PErvioDicixY  of  Root- 

Pr.ESSUKE. 

"When  it  was  shown  that  the  roots  were  capable  of  exercising  so  great  a 
pressure,  it  was  at  first  believed  that  the  ascent  of  the  sap  to  the  tops  of  the 
highest  trees  was  due  to  root-pressure.  This,  however,  would  be  impossible  in 
view  of  the  following  considerations.  The  volume  of  water  supplied  by  root- 
pressure  is  not  sufficient  to  satisfy  the  quantity  given  off  by  evaporation.  On  the 
contrary,  by  moderately  vigorous  transpiration,  such  as  takes  place  on  a  summer 
day,  the  root-pressure  is  of  a  negative  character.  Thus,  if  an  actively  evaporating 
plant  be  cut  off  near  the  root,  no  outflow  of  water  will  take  place.  On  the  other 
liand,  the  stump  will  energetically  draw  in  water  supplied  to  it ;  and  not  until  it 
lias  become  saturated  does  the  force  of  the  root-pressure  make  itself  apparent.  In 
plants  growing  under  natural  conditions,  the  root-pressure  is  only  effective  on 
damp,  cool  days,  or  at  nights,  when  the  transpiration  is  greatly  diminished.  In 
spring,  when  the  roots  are  beginning  their  activity,  the  conditions  are  most  favour- 
able, the  wood  is  full  of  water,  and  the  transpiring  leaves  are  not  yet  unfolded. 
When  the  wood  is  injured,  "sap"  is  exuded  in  drops  from  the  vessels  and  tracheids. 

The  so-called  BLEf:DiNG  from  wounds  or  cut  stems  is  chiefly  due 
to  root-pressure,  but  it  is  also  augmented  by  the  pressure  exerted  by 
the  living  cells  of  the  wood  (wood  parenchyma,  medullary  rays). 
The  out-flowing  sap  often  contains,  in  addition  to  numerous 

SALTS,  considerable  QUANTITIES  OF  ORGANIC  SUBSTANCES  (dissolved 
albuminous  matter,  asparagin,  acids,  and  especially  carbohydrates). 

The  amount  of  saccharine  matter  in  the  sap  of  some  plants  is  so  great  that 
sugar  may  be  profitably  derived  from  it.  The  sap  of  the  Xorth  American  sugar 
maple,  for  example,  contains  from  2  to  3  per  cent  of  sugar,  and  a  single  tree  will 
yield  2-3  kilos.  The  sap  of  certain  plants  is  also  fermented  and  used  as  an 
intoxicating  drink  (palm  wine,  pulque,  a  Mexican  beverage  made  from  the  sap  of 
the  Agave,  etc.) 

The  bleeding  which  takes  place  on  warm,  sunny  winter  days  from  wounds  or 
borings  in  trees  is  not  due  to  root-pressure,  but  to  purely  physical  causes.  It  is 
brought  about  by  the  expansion  of  the  air-bubbles  in  the  tracheal  elements  of  the 
wood,  and  may  be  artificially  produced  at  any  time  in  winter  by  warming  a  freshly- 
cut  piece  of  wood  ;  when  the  wood  is  allowed  to  cool,  the  air  contracts  and  the 
water  in  contact  with  the  cut  surface  will  be  again  absorbed. 

11.  The  Water-conduction  in  Plants. — In  living  plant-tissues 
the  cells  of  which  require  more  or  less  water  for  their  growth,  for  the 
maintenance  or  augmentation  of  their  turgidity,  and  to  supply  the 
water  lost  by  transpiration,  there  is  a  constant  transfer  of  water 
from  one  cell  to  another.  This  transfer  between  the  adjacent  cells 
takes  place  much  too  slowly  to  equalise  the  great  amount  of  water 
lost  by  evaporation  from  the  foliage  of  a  tall  tree.  In  order  to 
transfer  the  water,  quickly  and  in  larger  quantities,  from 

THE  roots  to  the  LEAVES,  PLANTS  3L1KE  USE,  NOT  OF  THE  LIVING 
parenchyma,    but    OF    THE    WOODY    PORTION    OF    THE  VASCULAR 
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BUNDLES.  The  woody  elements  Avhich  thus  conduct  the  water  have 
no  protoplasm ;  they  are  to  be  regarded  as  dead  cells,  in  which  the 

last  office  of  the  protoplasm  was 
to  give  the  walls  their  peculiar 
structure. 

III.  The  Transpiration  Cur- 
KENT. — It  has  long  been  known 
that  the  ascending  transpiration 
current  in  woody  plants,  M'hich  is 
directed  to  the  points  of  greatest 
consumption,  flows  solely  through 
the  wood.  It  had  been  observed 
that  plants  from  which  portions 
of  the  cortex  had  been  removed, 
either  purposely  or  accidentally, 
remained  nevertheless  perfectly 
fresh.  The  adjoining  figure,  taken 
from  one  of  the  first  books  in 
which  the  vital  processes  in  plants 
were  accurately  described  (Essays 
ON  Vegetable  Statics,  by 
Stephen  Hales,  1727),  shows  the 
method  employed  in  proving  this 
fact  experimentally  (Fig.  175). 
At  Z  in  the  branch  h  all  the 
„         „     .  ,  1  ,^  tissues    external  to   the  slender 

Fig.  li  o. — Hales  expeninent  to  snow  the  ascent 

of  the  sap  in  the  wood.   Although  the  cortex  WOOd  have  been  removed.  SiuCO 

has  been  entirely  removed  at  Z,  and  the  woo.l  ^he   leaveS  of   this   branch  remain 

alone  left,  the  leaves  of  the  branch  h  remain  e      ^         i  i            r  .  i      i  i 

as  fresh  as  those  on  the  uninjured  branch  c;  fresh  aS  those  of  the  branch  C, 

X,  vessel  containing  water.    Facsimile  of  the  it   is    evident   that   the  traUSpira- 

iUustration     in    Hales'    Vegcto.hU    Statics,  ^j^^    current    mUSt    paSS  through 

the  wood  and  not  through  the 
cortical  tissues.  On  the  other  hand,  when  a  short  length  of  the  wood 
is  removed  from  a  stem,  without  at  the  same  time  unduly  destroying 
the  continuity  of  the  bark,  the  leaves  above  the  point  of  removal  will 
droop  as  quickly  as  on  a  twig  cut  oft'  from  the  stem.  It  has  also 
been  shown  by  experiment  that  in  herbaceous  plants  the  vascular 
portions  of  the  bundles  provide  for  the  conduction  of  the  ascending 
currents. 


As  Sachs  demonstrated  by  spectroscopical  analysis,  a  dilute  solution  of  lithium 
nitrate  taken  up  by  an  uninjured  plant  first  ascends  in  the  wood  before  it  passes 
laterally  into  the  other  tissues.  By  means  of  the  same  solution,  Pfitzei;  and 
Sachs  determined  the  velocity  of  the  movement  of  the  transpiration  current,  which 
naturally  varies  according  to  the  plant  and  the  effect  of  external  conditions  upon 
transpiration  ;  under  favoiu'able  circumstances  it  attains  a  rate  of  1  -  2  metres 
an  hour.    This  method  of  showinc;  the  exclusive  share  of  the  wood  in  the  con- 
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duction  of  the  water,  and,  also,  of  determining  the  maximum  velocity  of  the 
transpiration  current,  from  observations  based  on  the  path  and  rate  of  movement 
of  a  coloured  solution  taken  up  by  a  plant,  is  not  free  from  objection  ;  for  the 
colouring  matter  would  not  pass  through  the  stem  at  the  same  rate  as  the  water 
in  which  it  is  dissolved,  but  would  be  drawn  out  and  held  back  by  the  cells.  The 
employment  of  coloured  solutions  will,  however,  be  found  instructive  for  merely 
showing  the  course  of  the  transpiration  current.  The  transparent  stems  of  the 
Balsam,  Impatiens  parcitl&ra,  and  the  white  floral  leaves  of  Lilies,  Camellias, 
Mock  Orange,  etc.,  in  which  the  coloured  vascular  system  will  stand  out  as  a  fine 
network,  are  especially  adapted  for  such  an  experiment. 

In  water-plants  and  succulents,  in  which  little  or  no  transpiration 
takes  place,  the  xylem  is  correspondingly  feebly  developed.  In  land 
plants,  on  the  other  hand,  and  especially  in  trees  with  abundant 
fohage,  the  wood  attains  a  much  greater  development.  All  the  wood, 
however,  of  a  larger  stem  does  not  take  part  in  the  task  of  water- 
conduction,  but  only  the  younger,  outer  rings.  Where  there  is  a 
distinction  between  heart-  and  sap-wood,  under  no  conditions  does  the 
heart -wood  take  part  in  the  conduction  of  the  water,  which  is 
transferred  exclusively  by  the  younger  rings  of  the  sap-wood. 

The  character  of  the  forces  which  cause  the  ascent  of  the  trans- 
piration currents  is  still  unexplained.  Transpiration  itself  only  makes 
a  place  for  the  inflowing  water ;  it  does  not  furnish  the  force  which  is 
necessary  to  rapidly  convey  a  large  volume  of  water  for  a  considerable 
distance  through  the  wood.  Every  operation  by  which  work  is 
accomplished  implies  a  corresponding  expenditure  of  force  :  and  the 
force  which  is  capable  of  raising  great  masses  of  water  to  the  tops 
of  a  tall  Poplar  or  of  a  Eucalyptus  150  m.  high,  must  be  consider- 
able. But,  as  yet,  all  efforts  to  determine  the  nature  of  this  force  have 
been  fruitless,  and  all  previous  suppositions  have  been  shown  to  be 
untenable. 

It  has  been  already  explained  that  the  KOOX-PKEssntE  cannot  exert  such  a 
force  during  transpiration  (p.  184). 

Osmotic  forces  act  too  slowly  to  be  of  any  value,  and,  moreover,  tliere  is  no 
fixed  distribution  of  osmotic  substances  that  would  account  for  such  a  current. 

The  transpiration  current  cannot  be  due  to  capillarity.  In  the  first  place,  con- 
tinuous capillaries  are  entirely  wanting  in  some  plants  (the  Conifers,  for  example), 
and  in  the  stems  of  others  they  are  only  present  for  comparatively  short  distances. 
Secondly,  the  concave  menisci  in  the  elements  of  the  wood  are  not  in  relation  with 
any  level  or  convex  surface  of  water,  in  which  case  alone  they  could  have 
effect.  Thirdly,  the  height  to  which  liquids  can  rise  by  capillary  attraction,  and 
it  would  be  less  in  the  vessels  and  tracheids  than  in  a  glass  tube,  does  not  approach 
the  height  of  an  ordinary  tree  ;  and,  finally,  the  rate  of  ascent  induced  by 
capiDarity  decreases  so  greatly  with  the  increasing  height  of  the  fluid,  that  so 
copious  a  flow  of  water  as  occurs  in  plants  woidd  be  impossible. 

Atmospheric  pressure  has,  also,  been  shown  not  to  be  the  cause  of  the  trans- 
piration current.  It  is  true  that  the  vessels  and  tracheids  of  vigorously  transpiring 
plants  contain  rarefied  air  between  the  short  columns  of  water.  This  is  evident 
from  the  way  in  which  stems  cut  under  mercury  become  penetrated  by  it.  But 
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as  the  water-courses  in  plants  are  all  completely  shut  off  from  the  outer  atmo- 
sphere, the  external  atmospheric  pressure  could  have  no  effect.  The  rarefied  air 
within  the  plants,  moreover,  shows  no  such  regularity  in  its  distribution  that  it 
could  possibly  give  rise  to  so  continuous  a  flow  of  Avater.  Further,  as  the 
atmospheric  pressure  can  only  sustain  the  Aveight  of  a  column  of  water  10  m.  high, 
while  the  sap  of  a  Begonia  ascends  60-100  m.,  the  inadequacy  of  the  atmospheric 
pressure  to  give  rise  to  such  a  movement  must  be  admitted. 

The  supposition  that  the  water  ascends  in  the  form  of  vapour  through  the 
cavities  of  the  wood,  and  is  afterwards  condensed  in  the  leaves,  is  untenable,  as  is 
at  once  obvious  from  a  consideration  of  the  anatomical  structure  of  the  wood,  the 
interruption  of  its  cavities  by  short  columns  of  Avater,  and  the  temperature 
of  the  plants  themselves.  And,  moreover,  the  special  task  of  the  transpiration 
current,  to  transfer  the  nutrient  salts,  could  not  be  accomplislied  if  such  a  supposi- 
tion Avere  true. 

It  has  also  been  suggested  that  all  of  these  processes  might  be  aided  by  the 
CO-OPERATION  OF  THE  LIVING  CELLS  Avhicli  are  SO  abundant  throughout  the  Avood, 
and  Avhich  haA-e  command  of  actiA'e  osmotic  forces,  to  the  service  of  which  they 
could  unite  a  regulative  irritability.  Later  investigations,  hoAvever,  have  shown 
that  poisonous  solutions,  Avhich  Avould  at  once  kill  all  living  protojilasm,  are 
regularly  transported,  in  great  quantities,  to  the  summits  of  the  loftiest  Oaks 
and  Firs.  Thus  the  supposition  that  the  liA'ing  elements  in  any  A\-ay  co-operate 
in  the  ascent  of  the  transpiration  current  is  absolutely  precluded. 

The  view  most  generally  accepted  at  the  present  time,  that  the 

TRANSPIRATION  CURRENT  ASCENDS  IN  THE   CAVITIES   OF   THE  WOOD 

THROUGH  THE  VESSELS  AND  TRACHEIDS,  seems  to  be  supported  by 
observation  as  well  as  by  the  structural  features  of  the  wood,  but 
leaves  the  question  as  to  the  cause  of  the  movement  still  unanswered. 

Sachs,  in  his  THEORY  OF  IMBIBITION,  sought  to  solve  the  problem  by 
supposing  that  the  water  ascended  in  the  substance  of  the  lignified 
WALLS,  and  that  the  upAA'ard  movement  Avas  due  to  the  force  of  molecular  attrac- 
tion, and  to  the  disturbance  of  the  equilibrium  existing  betAveen  the  AA^ater  and 
the  substance  of  the  cell  Avails. 

In  more  recent  attempts  to  account  for  the  ascent  of  the  sap,  the  direct  transfer 
to  the  root  cells  of  the  force  of  suction  arising  from  the  transpiring  gi'een  leaA^es, 
has  been  regarded  as  resulting  from  the  internal  cohesion  of  the  A\  ater  itself.  On 
such  a  supposition,  hoAvever,  no  evidence  is  furnished  that  the  suction  Avould,  in 
itself,  be  sufficient  to  induce  a  movement  like  that  of  the  transpiration  current. 

The  Giving-off  of  Water. — The  requisite  amount  and  essential 
concentration  of  the  nutrient  water  supplied  by  the  transpiration 
current  are  maintained  only  by  the  constant  discharge  of  the  accumu- 
lating water.  This  may  occur  in  two  ways,  either  more  profusely  by 
the  evaporation  of  the  water  through  the  cell  walls  in  the  form  of 
vapour — that  is,  by  transpiration — or  less  copiously  and  also  less  fre- 
quently by  the  actual  exudation  of  drops  of  Avater. 

I.  Transpiration. — In  their  outer  covering  of  cork,  cuticle,  and 
wax,  plants  possess  a  protection  from  a  too  rapid  loss  of  water.  A 
Pumpkin,  with  its  thick  cuticle  and  outer  coating  of  wax,  even  after  it 
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has  been  separated  from  its  parent  plant  for  months,  suffers  no  great 
loss  of  water.  A  potato  is  similarly  protected  by  a  thin  layer  of 
cork  from  loss  of  water  through  evaporation.  The  green  organs  of 
plants,  on  the  other  hand,  as  they  are  active  in  the  processes  of  nutri- 
tion, and  must  be  able  to  get  rid  of  their  surplus  water  in  order  to 
secure  the  proper  concentration  of  their  nutrient  salts,  make  little  use 
of  such  protective  coverings.  On  the  contrary,  they  are  provided  with 
si^ecial  contrivances  for  promoting  evaporation.  The  cell  walls  of  all 
living  organs  are  saturated  with  water,  and,  when  the  cuticle  of  the 
epidermis  is  not  too  strongly  developed,  water  is  constantly  evapor- 
ated, even  from  uninjured  cells,  in  amounts  varying  with  the  area  of 
the  exposed  surfaces.    From  this  point  of  view,  it  will  be  seen  that 

THE  FLAT  EXPANSION  OF  FOLIAGE  LEAVES  KENDERS  THEM  ADMIRABLY 

ADAPTED  FOR  THE  WORK  OF  TRANSPIRATION.  Evaporation  is  also 
promoted  by  the  numerous  stomata  (air-pores)  which  penetrate  the 
epidermis,,  and  which  give  the  air,  saturated  with  watery  vapour,  an 
opportunity  to  escape  from  the  intercellular  spaces.  Although  the 
stomata  are  so  small  that  neither  dust  nor  water  can  pass  through 
them  into  the  plant,  they  are  usually  present  in  such  enormous 
numbers  (p.  94)  that  their  united  action  compensates  for  their  minute- 
ness. When  it  is  taken  into  consideration  that  a  medium -sized 
cabbage  leaf  (Brassica  oleracea)  is  provided  with  about  eleven  million, 
and  a  Sunflower  leaf  with  about  thirteen  million  air-pores,  it  is  possible 
to  estimate  how  greatly  evaporation  must  be  promoted  by  these  fine 
sieve-like  perforations  of  the  epidermis. 

The  stomata  also  afford  plants  a  means  of  regulating  EVAPORA- 
TION. The  pores,  which  are  the  mouths  of  intercellular  spaces,  are 
surrounded  by  guard-cells.  As  the  term  guard-cell  suggests,  these 
cells  have  the  power  of  closing  the  pore.   The  closing  and  opening  of 

THE  STOMATA  ARE  ACCOMPLISHED  THROUGH  A  CHANGE  IN  THE  TURGIDITY 

IN  THE  GUARD-CELLS.  In  consequence  of  their  peculiar  wall  thicken- 
ings, elasticity,  and  lateral  attachment,  a  change  of  turgidity  affects  the 
size  and  shape  of  the  guard-cells  in  such  a  way  that,  by  diminished 
turgidity,  they  become  flatter  and  close  the  air -passage,  while  an 
increase  of  turgidity  has  the  contrary  effect  and  opens  them  (Figs. 
176,  177). 

lu  many  plants  the  so-called  accessory  cells  (p.  94)  participate  in  various  Avays 
and  degrees  in  these  processes,  depending  upon  the  special  structure  of  the  whole 
apparatus.  The  opening  and  closing  of  the  stomata  may  be  effected  by  either 
external  or  internal  stimuli  ;  but  such  stimuli  affect  different  plants  in  a  different 
manner.  Generally  speaking,  the  stomata  begin  to  close  on  the  diminution  of  the 
water-supply  ;  they  open,  on  the  other  hand,  when  active  transpiration  is  advan- 
tageous (in  light,  in  moist  air,  etc.).  The  quantity  and  quality  of  the  sub- 
stances held  in  solution  in  the  nutrient  water  react  in  a  remarkable  manner 
upon  the  stomata.  The  size  of  their  opening  is  decreased,  and  the  quantity 
of  water  evaporated  is  therefore  lessened  when  more  than  the  usual  amount  of 
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nutrient  salts  is  present  in  tlie  transpiration  current ;  as  in  that  case  if,  through 
continued  evaporation,  the  nutrient  water  should  become  too  concentrated,  it 
might  act  disastrously  upon  the  plant.  Alkalies  usually  tend  to  increase  turgidity, 
while  acids  diminish  it. 

It  has  already  been  pointed  out,  in  describing  the  morphology  of 


Fig.  176. — Stoma  of  Hellehorus  .y\  in  transverse  section.  The  darker  lines  show  the  shape 
assumed  by  the  guard-cells  when  the  stoma  is  open,  the  lighter  lines  when  the  stoma  is  closed. 
(After  ScHWEXDENER.)  The  cavities  of  the  guard-cells  with  the  stoma  closed  are  shaded,  and 
are  distinctly  smaller  than  when  the  stoma  is  open. 

the  stomata,  that  they  are  chiefly  to  be  found  on  the  surfaces  of  the 
leaves.  The  leaves  are  accordingly  to  be  considered  as  special 
ORGANS  OF  transpiration  (and  assimila- 
tion, p.  196).  This  is  also  evident  from 
the  manner  in  which  the  vascular  bundles 
branch  after  entering  the  leaves.  As  a  large 
water-main  divides  into  a  network  of  smaller 
pipes  where  the  consumption  of  the  water 
takes  place,  so  a  leaf-trace  bundle,  after  its 
long  and  uninterrupted  course  through  the 
stem,  suddenly  branches  as  soon  as  it  enters 
the  leaf -blade.  The  adjoining  illustration 
(Fig.  178),  showing  the  nervature  or  dis- 
tribution of  the  vascular  bundles  in  a 
Crataegus  leaf,  will  convey  some  idea  of  the 
extensive  branching  which  the  bundles  of  a 
leaf  undergo,  especially  when  it  is  taken 
into  consideration  that  only  the  macro- 
scopic and  none  of  the  finer  microscopic 
branchings  are  represented  in  the  figure. 
By  means  of  this  conducting  system,  a 
copious  supply  of  nutrient  water  can  be  delivered  directly  from 
the  roots  to  every  square  millimetre  of  the  leaf.  There  is,  how- 
ever, a  special  reason  why  the  leaves  are  so  abundantly  supplied. 
They  are  the  actual  laboratories  of  plants,  in  which,  out  of  the 
carbonic  acid  of  the  atmosphere  and  the  water,  and  nutrient  salts  of 


Fig.  177. — Stoma  of  a  perianth- 
leaf  of  Galtonia  candicans.  S, 
Guard  -  cell  Avith  diminished 
turgidity,  having  the  wall  on 
the  side  towards  the  opening 
straight ;  ,S",  turgescent  guard- 
cell  with  curved  lateral  wall, 
half  opening  the  passage  L 
(After  Leitgeb.) 


SECT.  II 


PHYSIOLOGY 


191 


the  soil,  the  organic  building  material  of  the  plant-body  is  produced. 
For  similar  reasons,  it  is  in  the  leaves  that  the  broad  expansions  of  tissue 
for  the  special  promotion 
of  transpiration  are  found. 
The  amount  of  water  actu- 
ally evaporated  from  the 
leaf  surfaces  in  the  per- 
formance of  their  vital 
functions  is  almost  in- 
credible. For  instance,  a 
strong  Sunflower  plant,  of 
about  the  height  of  a  man, 
evaporates  in  a  warm  day 
over  a  litre  of  water.  It 
has  been  estimated  that 
an  acre  of  cabbage  plants 
will  give  off  two  million 
litres  of  water  in  four 
months,  and  an  acre  of 
hops  three  to  four  millions. 
The  quantity  of  water  daily 
required  to  maintain  the 
water-supply  of  a  single 
large  tree,  amounts  to 
many  litres.  The  water 
evaporated  in  the  five 
months  from  June  to 
November  from  an  Oak 
standing  perfectly  free  and 
apart,  and  having  about 
700,000  leaves,  has  been 
estimated  at  111,225  kilo- 
grams. According  to  Dietrich,  for  every  gramme  of  dry,  solid  matter 
produced,  there  is,  on  the  average,  250-400  grams  of  water  evaporated. 


Fig.  178.— Course  of  the  vascular  bundles  (venation)  in 
leaf  of  Crataegus.    (From  a  photograph  ;  natural  size.) 


Experimental  Demoxstkatiox  of  Thanspiiiation.  — The  evaporation  from 
plants,  although  imperceptible  to  direct  observation,  may  be  easily  demonstrated, 
and  its  amount  determined  by  the  help  of  a  few  simple  appliances.  One  method  of 
doing  this  is  to  weigh  a  plant  before  and  after  a  period  of  vigorous  evaporation,  and 
thus  determine  the  amount  of  water  actually  lost.  Or,  if  the  water  evaporated  by  a 
plant  placed  under  an  air-tight  bell-jar  be  absorbed  by  calcium  chloride  or  concen- 
trated sulphuric  acid,  it  will  only  be  necessary  to  determine  the  increase  in  weiglit 
of  the  absorbing  substance  to  estimate  the  amount  of  Avater  given  off  by  evapora- 
tion. The  amount  of  water  taken  up  by  a  plant  may  also  be  shown  by  so 
arranging  the  experiment  that  the  water  passes  in  through  a  narroAV  tube,  as  then 
even  a  small  consumption  of  water  will  be  quickly  indicated  by  the  rapid  lowering 
of  the  water-level,  which  will  be  the  more  rapid  the  smaller  the  bore  of  the  tube. 
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The  important  part  taken  by  the  stomata  in  the  process  of  transpiration  may  be 
easily  shown,  according  to  Stahl,  by  means  of  the  cobalt  reaction,  or  the  change  in 
colour  of  dark-blue  dry  cobalt  chloride  to  light  rose  upon  absorption  of  water.  In 
making  this  experiment  a  leaf  placed  between  strips  of  paper  Avhich  have  been 
previously  saturated  Avith  this  cobalt  salt  and  then  thoroughly  dried,  is  laid  between 
glass  plates.    The  paper  on  the  side  of  the  leaf  most  abundantly  supplied  with 

stomata  will  then  first  change  its  colour, 
and  that  too  the  more  rapidly  the  more 
widely  open  are  the  stomata.  The  cobalt 
reaction  can  thus  also  be  utilised  to  deter- 
mine any  variation  in  the  size  of  the  open- 
ings of  the  stomata. 

It  is  evident  from  these  and  similar  ex- 
periments that  more  water  is  evaporated  in 
a  given  time  from  some  plants  than  fi'om 
others.  These  variations  are  due  to  differ- 
ences in  the  area  of  the  evaporating  surfaces 
and  to  structural  peculiarities  (the  number 
and  size  of  the  stomata,  presence  of  a  cuticle, 
cork,  or  hair}'  covering,  etc.).  But  even  in 
the  same  shoot  transpiration  is  not  always 
uniform.  This  is  attributable  to  the  fact 
that,  both  from  internal  and  external  causes, 
not  only  the  size  of  the  openings  of  the 

^stomata  varies,  but  also  that  transpiration, 
just  as  evaporation  from  a  surface  of  water, 
is  dependent  upon  external  conditions. 
Heat,  as  well  as  the  dryness  and  motion 
■  —  of  the  air,  increases  transpiration  for  purely 

physical  reasons  ;  while  light,  for  physio- 
logical reasons,  also  promotes  it. 

From  both  physical  and  physiological 
causes,  transpiration  is  much  more  vigorous 
during  the  day  than  night.  Plants  like 
Tiivpatiens  j)arviflora,  which  droop  on  warm 
days,  become  fresh  again  at  the  first  approach 
of  night. 

Suction  ix  Thaxspieing  Shoots.— A 
shoot,  the  cut  end  of  which  is  placed  in 
Avater,  shows  by  remaining  fresh  that  it 
must  be  able  to  draw  up  water  to  its  ex- 
treme tips.  The  force  of  suction  exerted 
by  such  a  transpiring  foliage  shoot  may  be 
demonstrated,  by  fitting  the  cut  end  in  a 
long  glass  tube  filled  with  water  in  such  a 
manner  that  it  shall  be  air-tight.  Thus 
arranged,  the  shoot  will  be  able  to  sustain 
and  raise  a  column  of  Avater  2  metres  high. 
If  the  lower  end  of  the  tube  be  inserted 
in  mercury,  as  shoAvn  in  the  adjoining  figure  (Fig.  179),  it  will  be  found  that 
even  the  heavy  mercury  will  be  lifted  by  the  transj)iring  shoot  to  a  consider- 


FiG.  179. — Suction  of  a  trauspiriug  shoot. 
The  leafy  shoot  is  fitted  so  that  it  is  air- 
tiglit  in  a  glass  tube  filled  with  water  and 
with  the  lower  end  immersed  jn  a  vessel 
of  mercury.  The  mercury  is  drawn 
up  the  tube  by  the  suction  exerted  by 
the  transpiring  shoot.  (From  Detmer"s 
Physiol.  FmU.) 
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able  height.  A'igorous  coniferous  shoots  absorb  Avater  through  the  cut  end 
with  a  force  of  suction  equal  to  one  atmosphere,  and  are  thus  able  to  raise  the 
mercury  to  a  height  equal  to  the  barometric  pressure  (760  mm.).  The  complete 
exclusion  of  the  external  atmosphere  is  absolutely  requisite  for  the  existence  of 
such  a  suction-force,  a  condition  actually  fulfilled  in  the  water-courses  of  plants. 

II.  Exudation  of  Water. — The  discharge  of  water  in  a  liquid 
state  by  direct  exudation  is  not  of  so  frequent  occurrence  as  its  loss 
by  evaporation  in  the  form  of  vapour. 
Early  in  the  morning,  after  a  damp  night, 
drops  of  water  may  often  be  found  on 
the  young  leaves  of  Indian  Corn,  and 
also  on  the  leaves  of  Alcliennlla  and  the 
Garden  Xastiniiirm.  These  drops  gradu- 
all}'  increase  in  size  until  they  finally 
fall  off  and  are  again  replaced  by  smaller 
drops.  These  are  not  dew-drops,  although 
they  are  often  mistaken  for  them  ;  on 
the  contrary,  these  drops  of  water  exude 
from  the  leaves  themselves.  They  are 
discharged  near  the  apex  of  the  leaves 
of  the  Indian  Corn,  but  in  the  case  of 
Akhemilla  from  every  leaf-tooth,  and  of 
the  Xasfurtium  from  the  ends  of  the 
seven  main  nerves  (Fig.  ISO).  The 
drops  disappear  as  the  sun  becomes 
higher  and  the  air  warmer  and  relatively  drier,  but  can  be  produced 
artificially  if  a  glass  bell -jar  be  placed  over  the  plant,  or  the 
evaporation  in  any  way  diminished.  Whenever  plants  become 
overcharged  with  water  through  the  activity  of  the  roots,  it  is 
discharged  in  drops.  These  are  pressed  out  of  special  water- pores 
(p.  95),  and  sometimes  even  from  the  stomata  and  clefts  in  the 
epidermis  ;  while  in  Datura  they  have  even  been  observed  to  exude 
directly  through  the  walls  of  the  epidermis.  It  is  possible  to  cause 
similar  exudations  of  water  by  forcibly  injecting  water  into  a  cut 
shoot 


Fig.  ISO. — Exudation  of  drops  of  water 
from  a  leaf  of  Tropo.eolum  majiis. 


Such  exudations  of  water  are  particularly  apparent  on  many  Aroids,  and  drops 
of  water  may  often  be  seen  to  fall  within  short  intervals,  sometimes  every  second, 
from  the  tips  of  the  large  leaves.  From  the  leaves  of  a  species  of  Colocasia  the 
exuded  drops  of  water  are  even  discharged  a  short  distance.  In  Spathodea,  a 
tropical  member  of  the  Bignoniaccae,  the  space  enclosed  by  the  calyx,  in  which  the 
young  floral  organs  are  developed,  is  filled  with  water.  Again,  in  unicellular 
plants,  especially  some  of  the  Fungi  {Mucor,  Piloholus,  Phycomyces),  the  copious 
exudation  of  water  is  very  evident.  The  water  in  this  case  is  pressed  directly 
through  the  cell  walls. 

The  organs  for  the  discharge  of  water,  which  Haberlandt  has  collec- 
tively termed  hydathodes  (pp.  91,  99,  114:),  in  some  instances,  like 
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animal  sweat-glands,  actively  press  out  the  water ;  or,  on  the  other 
hand,  they  may  simply  allow  it  to  filter  through  them  when  the 
internal  pressure  has  attained  a  certain  strength. 

It  would  almost  seem  that,  in  case  of  inactive  transpiration,  such 
exudations  of  liquid  water  supplied  the  place  of  evaporation,  were  it 
not  that  the  out-pressed  liquid  is  not  pure  water,  as  in  transpiration, 
but  always  contains  salts  and,  sometimes,  also  organic  substances  in 
solution.  In  fact,  the  quantity  of  salts  in  water  thus  exuded  is  often 
so  abundant  that  after  evaporation  a  slight  incrustation  is  formed  on 
the  leaves  (the  lime-scales  on  the  leaves  of  the  Saxifrages).  In 
some  instances,  also,  the  substances  in  solution  in  the  water  seem 
to  be  exuded  with  a  purpose,  as  in  the  case  of  the  secretions  of  the 
NECTARIES  and  of  the  digestive  glands  of  insectivorous  plants 
(p.  215),  and  of  the  discharges  of  the  viscid  stigmatic  fluid.  The 
superfluous  water  is  discharged  by  a  few  plants,  the  Pumpkin,  for 
example,  into  the  cavities  of  their  stems  and  leaf-stalks,  and  is  again 
absorbed  from  these  reservoirs  when  needed. 

Special  Contrivances  for  regulating  the  Water-supply. — Almost  all  the  higher 
plants  possess  in  the  power  to  close  their  stomata  a  special  means  of  checking 
transpiration  during  a  temporary  insufficiency  of  the  water-supply.  In  districts 
subject  to  droughts  of  Aveeks  or  months'  duration,  only  such  plants  can  flourish  as 
are  able  either  to  Avithstand  a  complete  drying  up  AA'ithout  injury  (p.  179),  or  to 
exist  for  a  long  time  on  a  scanty  supply  of  AA-ater,  This  last  case  is  only  rendered 
possible  by  the  extreme  reduction  of  transpiration,  or  by  the  formation  of  organs 
in  AA'hich,  in  times  of  a  superfluity  of  Avater,  it  may  be  retained  for  later  use. 

Such  protection  against  excessiA^e  transpiration  is  aff'orded  by  the  formation  of 
cork  or  cuticular  coA-erings,  by  the  reduction  in  the  number  and  size  of  the  stomata, 
and  also  by  their  occurrence  in  caA'ities  or  depressions.  The  rolling  up  of  the 
.leaA'Bs,  as  aa'cII  as  the  deA^elopment  of  thick  growths  of  hair  and  the  assumption  of 
a  A'crtical  position  to  aA'oid  the  full  rays  of  the  sun,  are  also  measures  frequently 
adopted  to  lessen  transpiration.  The  most  eflicient  protection,  hoAA-eA'er,  from  too 
great  a  loss  of  AA-ater  by  transpiration  is  undoubtedly  obtained  by  the  reduction  of 
the  transpiring  surfaces,  either  through  a  diminution  in  the  size  of  the  leaA'es  or 
through  tlieiv  complete  disappearance. 

The  upright  position  of  the  leaA'es,  or  the  substitution  of  expanded,  perpendicularly 
directed  leaf-stalks  for  the  leaA'es  (Phyllouia),  particularly  characterises  the  flora  of 
Australia.  A  clothing  of  hair,  on  the  other  hand,  protects  the  leaA^es  of  many  South 
African  Proteaceae  {e.g.  Leucadendron  argenteum).  Some  of  the  Gramineae  {Stipa 
capillata,  Festuca  alpcstris,  Seshria  tenuifolia,  S.  jJicictoria,  etc.)  roll  or  fold  their 
leaf-blades,  in  times  of  drought,  by  means  of  special  hinge-like  devices,  into  narroAA* 
tubes,  and  so  maintain  a  sufficient  supply  of  AA-ater  by  diminishing  the  transpiration 
from  their  stomata.  Reduction  of  the  leaA^es  is  illustrated  by  the  desert  forms  of 
Genista  and  Sarothammis  and  by  the  Cj'press-like  Conifers.  A  complete  disapjjear- 
ance  of  the  AA'hole  leaf  surface  takes  place  in  most  Cacti,  in  Avhich  also  the  stems 
become  SAA'ollen  and  couA'erted  into  AA-ater- reserA'oirs  (Fig.  25).  A  similar  dcA-elop- 
ment  of  succulent  SAvoUen  stems  frequently  occurs  in  the  Eupliorhiaceae  (Fig.  181), 
in  the  Compositac  {Kleiaia  articulata),  Sta'peleac,  and  many  other  plant  families 
found  in  arid  regions.  It  has  been  estimated  that  the  amount  of  AA-ater  cA-aporated 
by  a  Melon-Cactus  is  reduced  by  its  succulent  dcA-elopment  to  jj^nju  of  that  giA'eu 
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off  by  an  equally  heavy  climbing  plant  {Aristolochia).  Instead  of  the  stem  the 
leaves  themselves  may  become  succulent,  as  in  the  House-leek  and  other  species  of 
Sempervivum,  also  in  many  species  of  Sedum, 
Aloe,  and  Agave.  Both  stem  and  leaves  are 
equally  succulent  in  many  species  of  Mesem- 
hryaiithemum.  In  other  plants,  the  paren- 
chyma of  their  stem  tubers  (epiphytic  Orchids) 
or  of  their  thickened  roots  {Oxalideac)  serve 
as  water-reservoirs.  Epiphytic  Bromeliaceac 
catch  the  rain-water  in  reservoirs  formed  by 
their  closely-joined  leaves,  and  then  eagerly 
take  it  up  through  the  scaly  hairs  which  cover 
the  leaf  surfaces,  as  in  species  of  Tillandsia. 
Again,  many  epiphytic  Orchids  and  Aroids 
collect  the  rain-water  in  a  swollen  sheath  de- 
veloped from  the  epidermis  of  the  aerial  root 
{velaiiien  radicum,  p.  100).  In  the  case  of 
other  epiphytic  Orchids,  Aroids,  and  Ferns 
{Asplenium  Nidus,  for  instance),  the  humus 
and  other  material  caught  in  receptacles  formed 
by  the  leaves  or  aerial  roots  act  like  a  sponge 
in  taking  up  and  retaining  water,  while  the 
absorptive  roots  penetrate  into  these  moist,  compost -like  masses  and  absorb 
both  water  and  nutrient  substances.  Many  species  of  Frullania  (a  Liverwort 
common  on  Beech  trees)  possess,  on  the  other  hand,  special  water-sacs  on  the 
under  side  of  their  thallus  (Fig.  319).  A  particularly  remarkable  contrivance  for 
maintaining  a  constant  supply  of  water  is  exhibited  by  the  epiphytic  Disdiidia 
JRafflesiana,  a  number  of  whose  leaves  form  a  deep  but  small-mouthed  urn,  into 
which  the  roots  grow.  It  would  seem  at  first  sight  unnecessary  that  plants  like 
the  Mangrove  tree,  which  stand  with  their  roots  entirely  in  water,  should  require 
protection  against  too  rapid  transpiration  ;  but,  as  this  tree  grows  in  salt  or 
brackish  water,  it  is  necessary  to  reduce  the  amount  of  water  absorbed,  in  order  to 
prevent  a  too  great  accumulation  of  salt  in  the  tissues. 


Fig.  181. — Euphorbia  glohosa.  The  re- 
duced leaves  may  be  seen  on  the  upper 
globose  shoots. 


The  Absorption  of  Carbon  (Assimilation) 

In  any  attempt  to  distinguish  the  relative  importance  of  substances 
utilised  in  plant  nutrition,  carbon  undoubtedly  ranks  first.  Every 
organic  substance  contains  carbon,  and  there  is  no  other  element  which 
could  supply  or  take  part  in  the  formation  of  so  many  or  such  a  variety 
of  substances,  both  in  living  organisms  and  in  the  chemical  laboratory. 
Organic  chemistry,  in  short,  is  merely  the  chemistry  of  carbon 
compounds. 

It  requires  no  chemical  analysis  to  realise  that  plants  actually 
contain  carbon,  although  in  an  imperceptible  form.  Every  burning 
splinter  of  a  match  shows,  by  its  carbonisation,  the  presence  of  this 
element.  An  examination  of  a  piece  of  charcoal  in  which  the  finest 
structure  of  the  wood  is  still  distinguishable,  shows  how  abundant  is 
the  carbon  and  how  uniformly  distributed.    Estimated  by  weight,  the 
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carbon  will  be  found  to  make  up  about  half  the  dry  weight  (when 
freed  from  water)  of  the  plant. 

Whence  do  plants  derive  this  carbon  ?  The  "  humus "  theory, 
accepted  for  a  long  time,  assumed  that  the  humus  of  the  soil  was  the 
source  of  all  the  supply ;  and  that  carbon,  like  all  the  other  nutrient 
substances,  was  taken  up  by  the  roots.  That  plants  grown  in  pure 
sand  free  from  humus,  or  in  a  water-culture,  increase  in  dry  substance, 
and  consequently  in  carbon,  clearly  demonstrates  the  falsit}'  of  this 
theory.  The  carbon  of  plants  must  therefore  be  derived  from  other 
sources ;  and,  in  fact,  the  carbon  in  humus  is,  on  the  contrary,  due  to 
previous  vegetable  decomposition.  The  discovery  made  at  the  end  of 
last  and  the  beginning  of  the  present  century,  that  the  CARBON  OF 

PLANTS  IS  DERIVED  FROM  THE  CARBONIC  ACID  OF  THE  ATxMOSPHERE, 

and  is  taken  up  by  the  action  of  the  green  leaves,  is  associated  with 
the  names  of  the  Dutchman  Ingenhouss,  and  the  Geneva  Professors 
Senebier  and  Theo.  de  Saussure.  This  discovery  is  one  of  the 
most  important  in  the  progress  of  the  natural  sciences.  It  was  by 
no  means  easy  to  prove  that  the  invisible  gaseous  exchange  between 
a  plant  and  the  atmosphere  constitutes  the  chief  source  of  nourish- 
ment ;  and  it  required  the  courage  of  a  firm  conviction  to  derive  the 
thousands  of  pounds  of  carbon  accumulated  in  the  trees  of  a  forest, 
from  the  small  proportion  contained  in  the  atmosphere. 

10,000  litres  of  air  contain  only  4-5  1.  of  carbonic  acid,  which  weigh  8-10  grams  ; 

of  this  weight  is  oxygen,  however,  and  only  y\  carbon.  Accordingly,  10,000  litres 
of  air  contain  only  2  grams  of  carbon.  In  order,  therefore,  for  a  single  tree,  having 
a  dry  Aveight  of  5000  kilos,  to  acqnire  its  2,500,000  grams  of  carbon,  it  must  deprive 
12  million  cubic  metres  of  air  of  their  carbonic  acid.  From  the  consideration  of 
these  figures,  it  is  not  strange  that  the  discovery  of  Ixv^enhouss  was  unwillingly 
accepted,  and  afterwards  "rejected  and  forgotten,  Liebig  was  the  first  in  Germanj-  to 
again  call  attention  to  this  discovery,  which  to-day  is  accepted  without  question. 
The  immensity  of  the  numbers  just  cited  are  not  so  appalling  when  one  considers 
that,  in  spite  of  the  small  percentage  of  carbonic  acid  in  the  atmosphere,  the  actual 
supply  of  this  gas  is  estimated  at  about  3000  billion  kilos,  in  which  are  held  800 
billion  kilos  of  carbon.  This  amount  would  be  suflicient  for  the  vegetation  of  the 
entire  earth  for  a  long  time,  even  if  the  air  were  not  continually  receiving  new 
supiDlies  of  carbonic  acid  through  the  respiration  and  decomposition  of  organisms, 
through  the  combustion  of  Avood  and  coal,  and  through  volcanic  activity.  An 
adult  will  exhale  daily  about  900  grams  COg  (245  grams  C).  The  1400  million 
human  beings  in  the  Avorld  Avould  thus  give  back  to  the  air  1200  million  kilos 
of  C0.2  (340  million  kilos  C).  The  CO2  discharged  into  the  air  from  all  the 
chimneys  on  the  earth  is  an  enormous  amount.  The  Krujjp  Avorks  at  Essen, 
according  to  Haxsex,  send  out  daily  into  the  atmosphere  about  2,400,000  kilos  of 
carbon.  The  Avhole  carbon  supi)ly  of  the  atniosijliere  is  at  the  disposal  of  plants, 
as  the  CO2  becomes  uniformly  distributed  by  constant  diff"usion. 

Not  all  plants,  nor  indeed  all  parts  of  a  plant,  are  thus  able  to 
abstract  the  carbon  from  the  carbonic  acid  of  the  air.  Only  such 
organs  as  are  coloured  green  by  chloroj^hyll  are  capable  of  exercising 
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this  function,  for  the  chlorophyll  bodies  themselves  are  the  laboratories 
in  which  this  chemical  process,  so  important  for  the  whole  living 
world,  is  carried  on.  From  these  laboratories  is  derived  the  whole  of 
the  carbon  which  composes  the  organic  substance  of  all  living  things, 
plants  as  well  as  animals.  Animals  are  unable  to  derive  this  most 
essential  element  of  their  bodies  from  inorganic  sources.  They  can 
only  take  it  up  in  organic  substances,  which  have  been  previously 
formed  in  plants.  Such  plants,  also,  as  are  without  chlorophyll,  as,  for 
example,  the  Fungi  and  some  of  the  higher  parasitic  plants,  are 
dependent  for  their  nutrition  upon  organic  substances  previously 
formed  by  the  chlorophyll  bodies  of  other  plants. 

Within  the  past  ten  years  it  has,  indeed,  been  repeatedly  determined  that 
certain  nitrifying  bacteria  have  the  power  of  forming  a  small  amonnt  of  organic 
substances  from  carbonates,  carbonic  acid,  and  ammonia.  The  process  by  Avhich 
the  organic  carbon  compound  is  derived  must,  however,  be  altogether  diti'erent  from 
that  of  green  plants,  as  the  bacteria  contain  no  chlorophyll,  and  their  nutritive 
activity  is  in  no  way  dependent  upon  the  light. 

Roots  and  other  organs  unprovided  with  chlorophyll,  and  also  the 
colourless  protoplasm  in  the  green  cells  themselves,  are  similarly 
dependent  upon  the  activity  of  the  chloroplasts.  In  the  red-leaved 
varieties  of  green  plants,  such  as  the  Purple  Beech  and  Red  Cabbage, 
the  chlorophyll  is  developed  in  the  same  manner  as  in  the  green  parent 
species,  but  it  is  hidden  from  view  by  a  red  colouring  matter  in  the 
epidermis  :  in  the  case  of  the  brown  and  red  Algae,  on  the  other  hand, 
the  chlorophyll  pigment  is  concealed  by  a  colouring  matter,  which 
is  contained  in  the  chromatophores  along  with  the  chlorophyll. 

The  derivation  of  carbon  from  carbonic  acid  and  its  conversion 
into  organic  substances  is  termed  Assimilation.  In  its  broadest 
sense,  and  especially  in  the  animal  kingdom,  the  word  assimilation  is 
used  for  all  nutritive  processes  by  which  the  nourishment  is  built  up 
into  the  substance  of  an  organism.  But  in  Botany  the  meaning  of  the 
term  has  gradually  been  restricted,  and  now  by  assimilation  the 
carbon  assimilation  of  the  chlorophyll  granules  alone  is  understood. 
Moreover,  all  the  other  so-called  processes  of  assimilation  are  dependent 
upon  carbon  assimilation. 

The  chlorophyll  bodies,  however,  cannot  independently  produce 
organic  substances  from  carbonic  acid  and  water,  but  require  the 
co-operation  of  light.  The  chlorophyll  apparatus  is  unable  to  assimilate 
without  light,  although  all  the  other  requirements  are  present  for 
active  assimilation.  A  definite  amount  of  heat  is  also  naturally 
necessary  for  chlorophyll  activity,  just  as  for  any  other  vital  process. 

The  vibrations  of  the  ether  perceptible  as  light,  supply  the  energy 
for  the  decomposition  of  carbonic  acid  and  the  production  of  carbon,  just 
as  other  vibrations  of  ether,  in  the  form  of  heat,  supply  the  energy 
requisite  for  the  working  of  a  steam-engine.     Not  all  light  vibrations 
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are  equally  capable  of  arousing  the  assimilatory  activity.  Just  as  the 
rays  of  different  refrangibility  differ  in  their  action,  both  upon  the  eye 
and  the  photographic  plate,  so  they  have  a  different  effect  upon 
assimilation.  It  would  be  natural  to  suppose  that  the  chemically 
active  rays,  the  blue  and  violet,  which  decompose  silver  salts  and  other 
chemical  compounds,  would  also  be  the  most  effective  in  promoting 
the  assimilatory  activity  of  the  chlorophyll  bodies.  Exactl}'  the 
contrary,  however,  has  been  shown  to  be  the  case.  The  highl}^ 
refractive  chemical  rays  have  little  or  no  effect  on  assimilation  ;  the 
red,  orange,  and  yellow  rays,  that  is,  the  so-called  illuminating  rays  of 
the  spectrum,  are  on  the  contrary  the  most  active. 

In  the  blue-green  fresli-water  Algae,  and  also  in  the  brown  and  red  Seaweeds, 
in  which  the  cliromatophores  contain  true  chlorophyll  in  addition  to  their  peculiar 
special  colouring  matter,  the  maximum  assimilation  takes  place,  according  to  Exgel- 
MAXN,  in  another  part  of  the  spectrum  than  it  does  in  the  case  of  green  plants.  The 
assimilation  in  these  Algae  seems  indeed  to  be  carried  on  in  the  jmrt  of  the  spectrum, 
the  colour  of  which  is  complementary  to  their  own.  All  the  rays  of  the  mixed 
white  light  are  usually  at  the  disposal  of  plants  growing  freely  in  the  open  air  ; 
only  the  Seaweeds  found  in  deep  water  (at  the  most  but  200  m.  deep)  grow  in  a 
prevailing  blue  light,  while  the  deeper-lying  tissues  of  land  plants  live  in  red  light, 
as  this  penetrates  further  into  the  parenchymatous  tissues. 

In  studying  the  effect  of  ditferent  kinds  of  light  upon  assimilation,  it  is 
custoniar}^  either  to  use  the  separate  colours  of  the  solar  spectrum,  or  to  imitate 
them  by  means  of  coloured  glass  or  coloured  solutions.  For  such  experiments  it 
will  be  found  convenient  to  make  use  of  double-walled  bell-jars  filled  with  a 
solution  of  bichromate  of  potassium  or  of  aramoniacal  copper  oxides.  Plants  grown 
under  jars  filled  Avith  the  first  solution,  which  allows  only  the  red,  orange,  and 
yellow  rays  to  j)ass  through,  assimilate  almost  as  activel}'  (90  per  cent)  as  in  white 
light  (100  per  cent).  Under  the  jars  containing  the  second  solution,  Avhich  readily 
permits  the  passage  of  the  photo-chemical  rays,  assimilation  is  extremely  low  (5-7 
per  cent). 

But  little  is  known  with  regard  to  the  processes  carried  on  in  green  cells  during 
assimilation  ;  and  although  it  is  evident  that  only  the  green  chlorophyll  bodies 
are  capable  of  assimilating,  it  is  still  b}^  no  means  clear  what  part  the  green  chloro- 
phyll pigment  performs.  The  pigment  which  may  be  extracted  from  the  protoplasm 
of  the  chlorophyll  bodies  makes  up  onh'  a  small  part  of  their  substance,  and  gives 
no  reaction  from  which  its  operations  may  be  inferred.  The  light  absorbed  b}'  the 
chlorophyll  pigment  also  stands  in  no  recognisable  relation  to  the  requirements  of 
assimilation  ;  for  the  blue  and  violet  rays,  which  are  inoperative  in  assimilation, 
are  most  strongly  absorbed  (see  p.  59).  It  has  not  as  yet  been  determined 
Avhat  part  the  mineral  constituents  of  the  transpiration  current  take  in  the 
process.  On  the  other  hand,  the  protoplasmic  body  of  the  chloroplasts  cannot 
assimilate  when  the  green  j^igment  is  not  present  :  that  is,  when  from  any  cause 
the  corpuscles  are  prevented  from  turning  green.  For,  as  the  existence  of  the  green 
pigment  is  dependent  upon  the  presence  of  iron,  upon  a  proper  temperature,  and, 
with  few  exceptions  (Ferns,  Conifers),  upon  the  action  of  light,  its  formation  in  the 
chlorophyll  bodies  may  be  prevented  by  depriving  them  of  the  requisites  for  its 
development.  The  chromatoiiliores  will  then  remain  yellow  (in  leaves)  or  white 
(in  stems),  and  no  longer  assimilate. 
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As  a  result  of  the  chemical  processes  involved  in  the  decomposing 
activity  of  assimilation,  only  the  special  end-product  and  one  by- 
product are  at  present  known.  Sachs  discovered  that  the  organic 
compound,  first  to  be  detected  as  the  special  ultimate  products  of 
assimilation  in  the  higher  plants,  is  a  carbohydrate,  which  may  either 
remain  in  solution,  or  in  the  form  of  STARCH  GRAINS  may  become 
microscopically  visible  at  the  points  of  its  formation.  In  the  case  of 
the  lower  plants,  in  the  Algae,  for  example,  the  first  visible  product  is 
often  not  starch  but  a  fatty  oil. 

A  short  time  after  assimilation  begins,  in  sunshine,  sometimes 
wdthin  five  minutes,  minute  starch  grains  appear  either  in  the  centre  or 
on  the  margins  of  the  chloroplasts.  These  grains  gradually  enlarge  until, 
finally,  they  may  greatly  exceed  the  original  size  of  the  chloroplasts. 
Should,  however,  the  assimilation  cease,  which  it  regularly  does  at 
night,  then  the  starch  grains  are  dissolved  and  as  soluble  carbo- 
hydrates (glucose,  etc.)  pass  out  of  the  cell.  In  some  plants  (many 
Monocotyledons)  there  is  no  starch  formed  in  the  chloroplasts,  but 
the  products  of  assimilation  pass  in  a  dissolved  state  directly  into  the 
cell  sap.  In  exceptional  cases,  however,  starch  is  also  formed  where 
there  is  a  surplus  of  glucose,  sugar,  and  other  substances,  as,  for 
example,  in  the  guard-cells  of  Monocotyledons.  This  seems  then  to  be 
a  reserve  substance  rather  than  a  special  product  of  assimilation.  In 
Tropaeolum,  for  instance,  the  formation  of  cane- 
sugar  precedes  the  production  of  starch  in  the 
chloroplasts.  ^./^^f 

The  formation  of  starch  may  be  shown  to  be  i( 
a  direct  result  of  assimilation  by  means  of  the  A 

"iodine  reaction,"  and  without  the  aid  of  a  ' 

/  •''  ■I'll 'III 

microscope.    If  a  leaf  cut  from  a  plant  pre-  \_,J\ 

viously  kept  in  the  dark  until  the  starch  '3/ 

already  formed  in  the  leaves  has  become  ex- 

hausted,  be  treated  with  a  solution  of  iodine  |f 

after  being  first  discoloured  in  hot  alcohol,  it  -  , 

will  in  a  short  time  assume  a  yellowish  brown  '^'^'^ 

colour,  while  a  leaf  vigorously  assimilating  in  | 

the  light  will,  with  the  same  treatment,  take  fig.  is2.— a  leaf  showing  the 

a  blue-black  colour.      In  Fig.  182   the  result       iodine  reaction.    Part  of  an 
<;  .    T  .       i  ^     2        assimilating  leaf  was  covered 

of  the  lodnie  reaction  is  shown  on  a  leaf,  ,vith  a  stri^of  tinfoil.  After- 
part  of  which  had  been  covered  with  a  strip       w^ards,  when  treated  with  a 

of  dark  paper  or  tinfoil.    The  cells  darkened      '"i"^^'^"     j^^'"*^'  p^'''^ 

,         11-  c  -1    c  1  of  the  leaf  darkened  by  the 

by  the  overlying  paper  or  toil  formed  no      overlying    tinfoil,  having 


starch,  while  those  exposed  to  the  light  are     formed  no  starch,  gave  no 

colon: 
size.) 


shown  by  the  iodine  reaction  to  be  full  of 


it.    A  green  leaf  kept  in  air  devoid  of  car- 
bonic acid,  although  fully  exposed  to  the  light,  wdll  similarly  form 
no  starch. 
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From  this  chemical  equation  it  is 


Sensitive  leaves,  like  those  of  many  Leguminosae,  often  suffer  more 
under  such  conditions  than  when  the  possibility  of  assimilation  is  pre- 
cluded by  their  being  deprived  of  light. 

The  by-product  arising  from  the  assimilatory  process  is  pure 
OXYGEN.  -  The  volume  of  oxygen  thus  set  free  is  equal  to  the  volume 
of  carbonic  acid  taken  in.  If  plants  assimilate  in  a  known  quantity 
of  air  containing  carbonic  acid  gas,  its  volume  will  therefore  remain 
the  same.  The  chemical  process  of  assimilation  resulting  in  the  de- 
composition of  the  carbonic  acid  may  be  thus  expressed  : 

6CO2  +  5H2O  =  CgHioO^  6O2 

(Starch) 

evident  that  water  is  requisite 

FOR  the  process  OF  ASSIMILA- 
TION. The  actual  composition  of 
starch  corresponds  rather  to  a 
multiple  of  the  above  symbol,  or 
n(C,.H-^QO-),  so  that  the  whole 
equation  should  be  multiplied 
by  n. 

The  oxygen  given  off  by  green 
plants,  although  not  perceptible 
when  they  are  growing  in  the 
open  air,  becomes  apparent  in  the 
case  of  water-plants.  It  was,  in- 
deed, through  the  evolution  of 
bubbles  of  oxygen  from  water- 
plants  that  Ingenhouss  first  had 
his  attention  called  to  the  assimi- 
latory activity  of  leaves.  To  see 
this  process,  it  is  only  necessary 
to  place  a  cut  stem  of  a  water- 
plant  in  a  vessel  of  water  exposed 
to  the  sunshine,  when  a  continuous 
series  of  small  bubbles  of  gas  will 
at  once  be  seen  to  escape  from  the 
intercellular  passages  intersected 
by  the  cut.  The  gas  thus  evolved 
may  be  collected  with  little  trouble 
(Fig.  183),  and  will  be  found  to 
be  chiefly  oxygen,  but  containing 
also  traces  of  nitrogen  and  car- 
bonic acid  taken  up  from  the 
water.  As  water  absorbs  much 
less  oxygen  than  carbonic  acid 
ols.  of  water  will  dissolve  only  3 


■■III 

Fig.  183.— Evolution  of  oxygen  fruni  assimilating 
plants.  In  the  glass  cylinder  C,  filled  with 
water,  are  placed  sten.s  of  Elodca  canadensis ; 
the  freshly-cut  ends  of  the  stems  are  intro- 
duced into  the  test-tube  R,  -which  is  also  full 
of  water.  The  gas-bubbles  B,  rising  from  the 
cut  surfaces,  collect  at  S.  H,  stand  to  sup- 
port the  test-tube. 

(at  a  temperature  of  14"  C.  100  v 
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vols,  of  oxygen,  but  100  vols,  of  carbonic  acid),  the  escaping  babbles 
of  oxygen  become  visible ;  whereas  the  flow  of  the  carbonic  acid 
dissolved  in  the  water  to  the  assimilating  plant  is  imperceptible. 

Artificially  conducting  carbonic  acid  through  the  water  increases,  to  a  certain 
degree,  the  evolution  of  oxygen,  and  thus  the  assimilatory  activity.  Similarly  an 
artificial  increase  of  carbonic  acid  in  the  air  is  followed  by  increased  assimilation. 
In  sunshine  assimilation  attains  its  maximum  in  air  containing  about  8  per  cent  of 
carbonic  acid  ;  with  a  higher  percentage  it  begins  to  decrease.  If  the  amount  of 
carbonic  acid  gas  be  increased  two  hundred  times  (from  0'04  per  cent  to  8  per  cent  in 
the  atmosphere),  the  formation  of  starch  is  only  increased  4-5  times. 

Carbon  monoxide  (CO)  cannot  be  utilised  by  green  plants  ;  it  cannot  take  the 
place  of  the  carbon  dioxide,  and  is  poisonous  to  plants. 

Under  the  same  external  conditions,  the  assimilatory  activity  of  different 
plants  may  vary  from  internal  causes.  In  the  same  time  and  Avith  an  equal  leaf 
surface,  one  plant  will  form  more,  and  another  less  carbohydrates.  In  this  sense, 
it  is  customary  to  speak  of  a  "specific  energy  of  assimilation,"  Avhich  is  partly  due 
to  the  different  number  and  size  of  the  chloroplasts,  as  Avell  as  to  a  difference  in  the 
air-spaces  and  consequent  aeration  of  the  leaves,  but,  Avithout  doubt,  has  also  its 
cause  in  their  greater  or  less  energy. 

As  examples  of  medium  assimilatory  activity,  the  leaves  of  the 
Sunflower  and  Pumpkin  may  be  cited.  Under  conditions  favourable 
for  assimilation,  the  leaves  of  these  plants  form  in  a  summer  day  of 
fifteen  hours  about  25  grams  starch  per  square  metre.  The  carbon 
for  the  formation  of  the  starch  was  supplied  in  this  case  from  50 
cubic  metres  of  air.  A  room  of  120  cubic  metres  would  accordingly 
contain  enough  carbonic  acid  for  60  grams  of  starch.  From  these 
figures  a  faint  conception  may  be  gained  of  the  enormous  activity  of 
the  assimilatory  processes,  w^hich  are  necessary  to  furnish  the  yearly 
grain  supply  of  a  large  country. 

The  Utilisation  of  the  Products  of  Assimilation 

The  Formation  of  Albuminous  Substances. — The  chlorophyll 
bodies  supply  plants  with  organic  nourishment  in  the  form  of  a 
carbohydrate.  Although  the  greater  part  of  the  organic  plant  sub- 
stance consists  only  of  carbohydrates,  as,  for  example,  the  whole 
framework  of  cell  walls,  yet  the  living,  and  consequentl}^  the  most 
important  component  of  the  plant-body,  the  protoplasm,  is  composed 
of  albuminous  substances.  These  albuminous  substances  have  a  com- 
position altogether  difl'erent  from  that  of  the  carbohydrates.  In 
addition  to  carbon,  oxygen,  and  hydrogen,  they  also  contain  nitrogen, 
sulphur,  and  frequently  phosphorus,  the  nitrogen  indeed  in  consider- 
able proportion  (about  15  per  cent).  There  takes  place  accord- 
ingly WITHIN  PLANTS  A  NEW  EORMATION  OF  ALBUMINOUS  SUBSTANCES 
FROM  THE  CARBOHYDRATES.  There  are  certain  indications  that  this 
formation  is,  in  part,  accomplished  within  the  green  cells  of  the  leaves. 
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but  it  must  also  be  carried  on  in  cells  devoid  of  chlorophyll,  as,  for 
instance,  in  those  of  the  Fungi. 

As  little  is  knoAvn  concerning  the  process  of  the  synthesis  of  the  albuminous 
substances  of  plants  as  concerning  the  formation  of  the  carbohydrates  from  the 
carbonic  acid  and  -water.  It  has  generally  been  supposed  that  they  are  formed 
from  the  carbohydrates  and  mineral  substances  already  mentioned,  as  these  are 
known  to  be  transported  to  the  region  where  the  formation  of  protoplasm  occurs, 
and  are  there  consumed.  The  carbohydrates  utilised  in  this  jirocess  seem  to  be 
principally  GLrcosE  (both  grape-sugar,  dextrose,  CeHioO^  +  HoO,  and  fruit-sugar, 
l?evulose,  CgHjoOe)  and  maltose  (CeHooOi^  +  HoO)  ;  for,  Avliatever  may  be  the  form 
of  the  original  carbohydrate,  whether  starch,  inulin,  cane-sugar,  reserve-cellulose, 
or  glycogen,  glucose  or  maltose  is  always  the  first  product  formed  from  it. 

The  mineral  nitrates,  sulphates,  and  phosphates  take  part  in  the  process, 
chiefly  in  the  form  of  potassium  and  magnesium  salts.  Xiti'ogen  and  sulphur  are 
liberated  from  the  nitrates  and  sulphates,  with  decomposition  of  the  acid  radicals  ; 
while  of  the  phosphates,  the  acid  group  is  utilised  in  the  formation  of  nuclein  in 
the  cell  nucleus.  Calcium  salts,  although  they  take  no  direct  part  in  these  processes, 
seem,  nevertheless,  to  be  indispensable.  Their  importance,  indeed  absolute  necessity, 
for  most  plants,  is  due  to  their  functioning  as  a  medium  for  convejdng  the  mineral 
acids,  and  for  neutralising,  or  precipitating,  injurious  by-products  which  are  produced 
in  the  formation  of  albumen.  The  most  frequent  of  these  by-products  is  oxalic  acid 
(C.2H0O4),  Avhich,  either  as  a  free  acid  or  as  a  soluble  potassium  salt,  acts  as  a  poison 
upon  most  plants.  The  oxalate  of  potassium,  which  is  first  formed  from  the  potassium 
nitrate,  reacts  with  the  calcium  salts  present,  with  the  formation  of  calcium  oxalate, 
Avhich  is  only  slightly  soluble  and,  as  it  accumulates,  crystallises  out  and  thus  becomes 
harmless.  Wherever  the  formation  of  albumen  or  nuclein  takes  place,  oxalic  acid  is 
formed,  the  calcium  salts  of  which  may  usually  be  found  in  adjacent  cells  often  in 
enormous  quantities,  in  the  form  of  aggregates  of  crystals,  raphides,  or  crj'stal  sand. 

The  jDrocess  of  the  formation  of  oxalic  acid,  or  its  potassium  salt,  might  be  con- 
ceived of  as  taking  place  according  to  the  following  theoretical  equation  : 

CeHj.Oe    +;  2NO3K  =  C4H3X0O3  +  -f    HoO  -f  30 

Glucose    Potassium  nitrate  Asparagin   Potassium  oxalate  Water  Oxygen 

Starting  with  glucose  and  potassium  nitrate,  there  would  be  formed  in  addition  to 
potassium  oxalate,  water,  and  oxj  gen  (which  for  the  most  j^art  is  consumed  in  the 
respiration,  but  also  in  many  cases,  as  free  oxygen,  may  be  detected  or  estimated), 
an  amido  compound,  Asparagin,  CoH:5(]SrE[.2)  (COXHo)  (COOH).  Asparagin  is  a 
body  which,  like  oxalic  acid,  is  widely  distributed  throughout  the  vegetable 
kingdom.  Particularly  large  accumulations  of  this  substance  (first  discovered  in 
Asparagus)  are  found  in  etiolated  seedlings  of  many  Papilionaceac  (1  litre  of  sap 
from  Bean  seedlings  contains  about  12-15  grams),  always,  however,  under  circum- 
stances which  suggest  the  possibility  that  Asparagin  participates  in  the  synthesis 
of  the  albuminous  substances.  In  all  probability  its  formation  precedes  that  of  the 
ultimate  proteid  substances.  Asparagin  is  soluble  in  water  and  Avatery  sap,  and  so 
is  in  a  position  to  permeate  the  cell  wall,  Avhich  the  colloid  albuminous  substances 
are  not  able  to  do  in  the  same  degree. 

Transfer  of  the  Products  of  Assimilation 

AVhen  proteid  substances  are  to  be  conveyed  through  the  tissues, 
as,  for  example,  from  seeds  rich  in  proteids  into  the  seedlings,  they 
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first  become  dissolved  and  form  soluble  amides.  They  are  in  this 
form  transferred  to  places  where  in  combination  with  carbohydrates 
and  mineral  acids  they  are  used  anew  in  the  formation  of  albumen. 

Besides  asparagin,  there  are  still  other  but  less  widely  distributed  amides  found 
in  plants,  as  leucin,  tyrosin  (which,  like  asparagin,  will  crystallise  out  on  treat- 
ment with  alcohol  as  glistening  sphaerites),  gll'tamix  (in  the  Pumpkin),  betain 
(in  the  Turnip),  also  allantoic,  etc. 

In  addition  to  the  transfer  of  nitrogenous  constructive  material 
through  the  parenchymatous  tissues,  the  long-distance  transport  of 
THE  READY-FORMED  ALBUMINOUS  SUBSTANCES  seems  rather  to  take 
place  through  the  open  sieve-tubes  of  the  bast.  It  appears  to  be  in  the 
sieve -tubes,  which  contain,  during  life,  albuminous  substances,  starch 
grains,  and  drops  of  oil,  that  the  conduction  of  organic  substances  is 
effected  from  the  leaves  to  the  roots.  In  fact,  it  was  long  ago  con- 
cluded that  the  increased  thickening  of  the  cortical  layers  observed  just 
above  wounds  made  by  ringing  trees,  was  due  to  the  interruption  and 
detention  of  a  flow  of  nourishing  sap  through  the  bast  towards  the 
roots. 

The  transfer  of  the  carbohydrates  through  unbroken  cell  walls  to 
the  various  points  of  consumption  can  only  be  accomplished  when  they 
are  in  solution.  In  case  they  are  not  alread}^  dissolved  in  the  cell  sap, 
in  the  form  of  glucose,  maltose,  sugar,  or  inulin,  they  must  first  be 
converted  into  soluble  substances.  This  is  of  the  highest  importance 
for  the  transfer  and  utilisation  of  starch  and  reserve  cellulose.  They 
are  converted  by  the  influence  of  diastase  into  glucose  or  maltose. 
Diastase  belongs  to  those  peculiarly  acting  substances  termed  un- 
organised FERMENTS  OR  ENZYMES,  which  possess  the  remarkable 
power  of  decomposing  or  transforming  certain  organic  compounds 
without  themselves  becoming  changed  or  consumed  in  the  process. 
By  virtue  of  this  property  they  are  enabled  to  transform  unlimited 
quantities  of  certain  substances.  The  best  known  of  the  unorganised 
ferments  are  diastase,  which  converts  starch  into  maltose,  inyertin, 
EMULSIN,  MYROSIN,  as  well  as  the  peptonising  ferments  in  insecti- 
vorous plants  and  in  the  latex  of  various  plants. 

These  ferments  are  proteinaceous  substances,  which  in  many  of  their  chemical 
reactions  resemble  living  protoplasm,  but  with  Avhich  they  must  not  be  con- 
fused. Their  power  of  exciting  fermentation  is  not  due  to  any  vital  property ; 
they  are  simply  chemical  substances,  and  like  them,  when  in  solution,  may  be 
precipitated,  etc.,  Avitliout  losing  any  of  their  active  principles.  Diastase,  for 
example,  may  be  extracted  from  germinating  barley  seeds  by  water  or  glycerine. 
After  it  has  been  precipitated  by  means  of  alcohol  and  dried  to  a  powder,  it  may 
again  be  dissolved  in  Avater,  and  will  still  be  in  a  condition  to  transform  enormous 
quantities  of  starch,  especially  if  in  the  form  of  paste,  into  sugar. 

Other  substances  similar  to  diastase,  and  also  capable  of  dissolving  starch, 
are  widely  distributed  throughout  the  vegetable  kingdom,  and  are  classed  together 
as  diastatic  ferments.    They  are  especially  abundant  in  starchy  germinating  seeds, 
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as  "well  as  in  tubers  and  bulbs,  in  leaves  and  young  shoots.  They  have  also  been 
found,  strange  to  say,  in  organs  where  there  -was  no  starch  for  them  to  act  upon. 
The  diastatic  transformation  and  dissolution  of  the  starch  is  accomplished  in  a 
peculiar  manner.  The  starch  grain  is  not  dissolved  as  a  homogeneous  crystal, 
uniformly  from  the  surface  inwards,  but  becomes  corroded  by  narrow  canals,  until 
it  is  finally  completely  disorganised  and  falls  into  small  pieces  (Fig.  184). 

The  transformation  of  the  starch  formed  in  the  chlorophyll  corpuscles 
during  the  day,  takes  place,  as  a  rule,  at  night ;  for  in  the  daytime  the 
^..-^TT-^  action  of  the  diastatic  ferment 


to  the  roots ;  in  short,  they  are  finally  transported  to  places  where 
they  are  required  for  the  nutrition  of  the  plant.  The  glucose  and 
maltose  often  become  converted  into  other  carbohydrates  during 
their  passage  from  one  organ  to  another,  particularly  into  starch. 
Starch  thus  formed  from  other  carbohydrates,  and  not  directly  by 
assimilation,  is  often  referred  to  as  TRANSITORY  STARCH,  and  is  usually  . 
distinguishable  by  the  smaller  size  of  the  grains.  At  the  points  of 
consumption  these  carbohydrates  are  again  converted  into  glucose,  in 
which  condition  alone  they  seem  adapted  for  direct  nutrition. 


All  the  products  of  assimilation  are  not  at  once  consumed.  In 
spite  of  this,  however,  assimilation  is  continued,  and  the  surplus 
products  beyond  the  requirements  of  immediate  consumption  are  accu- 
mulated as  RESERVE  MATERIAL  for  future  use.  Large  amounts  of  such 
reserve  material  are  accumulated  by  the  American  Agave  during  many 
periods  of  vegetation,  to  be  finally  expended  in  nourishing  the  immense 
inflorescence  with  its  hundreds  of  flowers  and  fruits.  In  our  herbs, 
bushes,  and  trees,  as  the  yearly  growth  and  consequent  consumption 
cease  at  the  end  of  each  vegetative  period,  and  as  the  assimilating 
organs  have  by  that  time  attained  their  greatest  expansion  and 
efficiency,  the  surplus  of  reserve  material  is  the  greatest  at  the  close  of 


The  Storage  of  Reserve  Material 


SECT.  II 


PHYSIOLOGY 


205 


the  season,  and  is  storecl  in  special  reservoirs  of  reserve  material. 
All  growth  of  the  succeeding  year,  either  of  the  plants  themselves  or  of 
their  embryonic  offspring,  is  dependent  upon  the  existence  somewhere  of 
a  supply  of  reserve  material,  which  may  be  utilised  by  the  plant  until 
the  organs  of  assimilation  are  developed.  Reserve  materials  will  accord- 
ingly be  found  stored  in  different  forms  in  the  cells  of  the  embryo,  or 
in  the  surrounding  tissues  of  the  seed,  in  underground  rhizomes,  tubers, 
bulbs,  and  roots,  or  in  the  cortical  layers,  the  medullary  rays,  the  wood 
parenchyma  (especially  the  fibres),  and  the  medulla  of  persistent  stems. 
Conveyed  to  these  depositories  of  reserve  material,  the  glucose  and 
maltose  are  again  converted  into  other  carbohydrates,  usually  starch, 
which  is  formed  from  them  by  the  activity  of  the  starch-producing 
leucoplasts.  In  other  cases  the  reserve  carbohydrates  take  the  form 
of  cane-sugar,  inuiin,  or  reserve  cellulose  {e.g.  vegetable  ivory  in  the 
fruit  of  Fhytelephas).  Still  more  remarkable  is  the  transformation  of 
carbohydrates  into  fats  and  oils,  occurring  in  the  ripe  and  ripening 
seeds  of  many  plants,  in  fruits  (Olive),  and  also  in  strictly  vegetative 
tissues.  In  winter  the  starch  in  the  wood  of  many  trees  also  becomes 
converted  into  oil,  but  in  the  succeeding  spring  it  is  again  changed  to 
starch.  It  is  finally,  at  the  opening  of  the  buds,  converted  into  glucose 
or  maltose,  and  conveyed  by  the  transpiration  current  to  the  young 
shoots.  Other  receptacles  of  reserve  material  contain  scarcely  any  carbo- 
hydrate, but  on  the  other  hand  there  is  much  more  albuminous  matter 
in  the  form  of  thick  protoplasm,  aleurone  grains,  protein  crystals,  and 
fats  (seeds  of  Eicinus).  That  in  the  germination  of  young  plants  similar 
tissues  with  protoplasm,  nucleus,  cell  wall,  etc.,  are  formed  from  these 
different  materials,  seems  to  indicate  that  all  these  constructive 
materials  are  of  almost  equal  value  to  the  plants.  This  is  due  to  the 
fact  that  plants  can,  apparently  without  difficulty,  transform  the  carbo- 
hydrates, fats,  or  albuminous  substances  one  into  the  other,  a  result 
not  yet  accomplished  by  chemical  processes. 

Other  Products  of  Metabolism 

The  chemical  activity  of  the  vegetable  cell  is  by  no  means  exhausted  in  the 
production  of  the  substances  mentioned  :  the  increasing  number  of  chemical  com- 
pounds found  to  be  derived  from  the  first  product  of  assimilation  is  a  matter  of  con- 
tinual surprise.  Of  most  of  them  neither  the  manner  of  their  formation  nor  their 
full  importance  in  metabolism  is  understood.  The  conditions  are  not  even  fully 
known  which  are  necessary  for  the  formation  and  functional  activity  of  the  organic 
ACIDS  (malic,  tartaric,  citric,  etc.,  which  may  in  part  be  considered  as  products  of 
imperfect  respiration)  and  tannins,  although  both  are  so  frequent  in  j^lants.  The 
function  of  the  glucosides  is  also  imperfectly  understood.  These  are  nitrogenous 
and  non-nitrogenous  compounds,  and  are  not  widely  distributed.  They  are  soluble 
in  water,  and  by  the  action  of  ferments  are  broken  up  into  glucose  and  other  deri- 
vative products.  In  the  Amygdalaceae  they  appear  as  amygdalix,  in  the  Solan- 
aceae  as  the  poisonous  solanin,  in  the  Cruciferae  (mustard  seeds)  as  myeonic 
ACID,  in  the  bark  of  the  Horse-chestnut  as  the  extremely  fluorescent  iEscuLix,  in 
species  of  Digitalis  as  the  poisonous  digitalin.     Coniferix,  which  is  contained 
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in  lignified  cell  walls,  and  especially  in  the  cambial  sap  of  the  Conifers,  is  also  in- 
cluded in  the  glucosides.  Coniferin  has  recently  acquired  an  economic  value,  as 
from  it  VANILLIN,  the  aromatic  principle  of  vanilla,  may  be  artificially  produced. 
In  this  process  the  coniferin  is  decomposed,  through  the  action  of  a  ferment  or  acid, 
into  glucose  and  coniferylalcohol,  through  the  oxidation  of  which  its  aldehyde, 
vanillin,  is  formed. 

It  is  as  yet  unknown  what  part  in  the  metabolic  processes  of  plants  is  per- 
formed by  the  bitter  phinciples,  such  as  the  lupulin  of  Hops,  aloin  of  Aloes, 
ABSYNTHIN  of  Wormwood.  There  is  the  same  uncertainty  with  regard  to  the 
functions  of  the  alkaloids.   Since  most  alkaloids,  strychnin,  brucin,  veratrin, 

CONIIN,  MUSCARIN,  ATROPIN,   QUININ,   MORPHIN,  C'ODEIN,   COFFEIN  (them),  THEO- 

BROMiN,  ACONiTiN,  NicoTiN,  PILOCARPIN,  COCAINE,  etc.,  are  violent  poisons,  their 
vegetable  bases  and  repugnant  bitter  principles  furnish  a  certain  protection 
to  plants  against  destructive  animals.  This,  however,  does  not  preclude  the 
possibility  that  they,  like  the  poisonous  oxalic  acids,  may  at  the  same  time 
have  an  important  physiological  significance. 

The  colouring  matters  and  ethereal  oils,  although  in  actual  weight  present 
only  in  small  quantities,  make  themselves  particularly  noticeable  to  the  senses 
of  sight  and  smell.  They  probably  represent  only  by-  and  end-products  of  meta- 
bolism ;  and,  with  the  exception  of  chlorophyll,  take  no  further  part  in  the  vital 
processes  of  plants,  except  in  so  far  as  they  are  beneficial  to  the  general  Avell- 
being  by  enticing  {e.g.  flowers,  fruits)  or  repelling  animals.  Their  biological  signifi- 
cance is  accordingly  much  better  known  than  their  physiological  function.  Just  as 
the  ethereal  oils  are  frequently  found  in  special  excretory  receptacles,  the  resins, 
gum-resins,  and  gum-mucilages,  which  are  also  excretion  products,  are  usually 
deposited  in  canals  or  glandular  cavities  (p.  88),  and  are  often  mixed  with  ethereal 
oils.  Whether  their  formation  in  the  particular  instances  is  necessary  for  the 
carrying  out  of  the  normal  processes  of  metabolism  is  altogether  uncertain.  They 
are,  at  any  rate,  useful  to  plants  when  wounded,  serving  as  a  protection  against 
evaporation  and  the  attacks  of  parasites. 

The  significance  of  the  so-called  india-rubber  (caoutchouc)  and  gutta-percha 
(in  the  latex,  p.  73)  in  the  economy  of  the  plant  is  still  less  known.  In  addition  to 
these  substances,  there  also  occur  in  latex,  resins,  ethereal  oils,  alkaloids  (in  opium), 
starch  grains  and  other  carbohydrates,  oil -drops  and  albuminous  substances. 
The  presence  of  these  substances  in  the  latex,  valuable  as  constructive  material, 
and  occasionally  also  of  active  enzymes  (peptonising  ferments  are  found  in  the 
milky  juice  of  Ficus  Carica  and  Carica  Papaya),  gave  rise  to  the  suggestion  that 
the  latex  cells  and  tubes  function  in  the  transport  of  the  nutrient  matter.  It  has, 
however,  been  found  that,  even  in  starved  plants,  the  latex  remains  unconsumed  ; 
and  the  present  knowledge  of  these  often  caustic  and  poisonous  saps  is  limited  to 
their  external  utility  in  the  economy  of  plant  life.  By  their  obnoxious  properties 
they  defend  plants  from  the  attacks  of  enemies.  Also,  in  the  event  of  plants 
being  wounded,  the  latex  is  pressed  out  either  by  the  surrounding  turgescent  tissue 
or  by  the  tension  of  the  elastic  walls  of  its  own  cells,  and  forms,  as  it  quickly 
coagulates  in  the  air,  an  eflicient  covering  for  the  wound.  In  other  plants,  especi- 
ally in  trees,  wound-gum  serves  the  same  purpose  (p.  81). 

Special  Processes  of  Nutrition 

Parasites,  Saprophytes,  Symbionts,  and  Insectivorous  Plants.^ — 

The  acquisition  of  organic  nutritive  substances  through  the  activity  of 
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assimilating  green  cells  is  the  most  frequent,  and  is  consequently  con- 
sidered the  normal  method  of  plant  nutrition.  Other  modes  of 
nutrition  are  only  possible  at  the  cost  of  organic  substances  already 
produced  by  the  assimilating  activity  of  green  cells.  The  de- 
pendent relations  existing  between  the  colourless  and  green  cells, 
and  between  the  leaves  and  roots  of  all  green  plants,  have  already 
been  pointed  out.  Just  as  in  the  case  of  the  cells  devoid  of 
chlorophyll,  some  plants  also  forgo  all  attempts  to  develop  an 
adequate  chlorophyll  apparatus,  and  by  so  doing  lose  all  ability  to 
provide  themselves  with  nourishment  from  the  inorganic  matter  about 
them. 

Great  numbers  of  such  colourless  plants  derive  their  nourishment 
from  the  bodies  of  dead  animals  and  plants.  All  organic  matter  at 
one  time  or  another  falls  into  the  power  of  such  plants  as  are  devoid 
of  chlorophyll ;  it  is  chiefly  due  to  their  decomposing  activity  in  the 
performance  of  the  nutritive  processes  that  the  whole  surface  of  the 
earth  is  not  covered  with  a  thick  deposit  of  the  animal  and  plant 
remains  of  the  past  thousands  of  years.  These  peculiar  plants  are  not 
satisfied  with  the  possession  of  the  lifeless  matter  alone  ;  they  even 
seize  upon  living  organisms,  both  animal  and  vegetable,  in  their  search 
for  food. 

It  is  chiefly  the  vast  number  of  Fission-Fungi  (Bacteria)  and  true 
Fungi  which  nourish  themselves  in  this  way  as  parasites  (upon  living 
organisms)  or  as  saprophytes  (upon  decaying  remains  of  animals  and 
plants).  But  even  some  species  of  the  most  widely  separated  families 
of  the  higher  phanerogamic  plants  have  also  adopted  this  method  of 
obtaining  food. 

As  a  result  of  this  modification  of  their  manner  of  life,  the  organi- 
sation and  functions  of  these  higher  plants  have  undergone  the 
most  remarkable  transformation.  From  the  corresponding  changes  in 
their  external  appearance,  it  is  evident  how  far-reaching  is  the 
influence  exercised  by  the  chlorophyll.  With  the  diminution  or  com- 
plete disappearance  of  the  chlorophyll,  and  consequent  adoption  of  a 
dependent  mode  of  life,  the  development  of  large  leaf  surfaces,  so 
especially  fitted  for  the  work  of  assimilation,  is  discontinued.  The 
leaves  shrink  to  insignificant  scales,  for  with  the  loss  of  their  assimi- 
latory  activity  the  exposure  of  larger  surfaces  to  the  light  is  no  longer 
essential  for  nutrition.  For  the  same  reason  active  transpiration 
becomes  unnecessary  ;  the  xylem  portion  of  the  vascular  bundle  re- 
mains weak,  and  secondary  wood  is  feebly  developed.  In  contrast  to 
these  processes  of  reduction  resulting  from  a  cessation  of  assimilation, 
there  is  the  newly-developed  power  in  the  case  of  parasites  to  penetrate 
other  living  organisms  and  to  deprive  them  of  their  assimilated  products. 
In  saprophytic  plants,  however,  where  the  question  is  merely  one  of 
absorbing  nourishment  from  organic  remains,  the  external  adaptations 
for  taking  up  nourishment  continue  more  like  those  for  absorbing 
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the  mineral  salts  from  the  soil,  for  it  then  depends  only  upon  an 
intimate  union  with  the  decaying  substances. 

Cussuta  europaea  (Fig.  185)  may  be  cited  as  an  example  of  a  parasitic  Phanero- 
gam, a  plant  belonging  to  the  family  of  the  Convolvulaccae.  Although,  through 
the  possession  of  chlorophyll,  it  seems  to  some  extent  to  resemble  normally  assimi- 


FiG.  l'?>h.—Cuscutn  europam.  On  the  right,  germinating  seedlings.  In  the  middle,  a  plant  of  CiLSCuto. 
parasitic  on  a  Willow  twig  ;  6,  reduced  leaves  ;  Bl,  flower-clusters.  On  the  left,  cross-section  of 
the  host-plant  W,  showing  haustoria  H  of  the  parasite  Ciis,  penetrating  the  cortical  parenchjana 
and  in  intimate  contact  with  the  xylem  vand  the  phloem  c  of  the  vascular  bundles  ;  s,  ruptured 
cap  of  sheathing  sclerenchyma. 

lating  plants,  in  reality  the  amount  of  chloroj^hyll  present  is  small,  while  the  leaves 
are  reduced  to  mere  scales.  And  as  the  devices  for  a  parasitic  acquisition  of  nourish- 
ment are  so  easily  seen,  much  more  so,  for  instance,  than  in  parasites  which  attack 
their  host-plant  underground,  it  Avill  be  at  once  evident  that  Cuscuta  (Dodder) 
affords  an  example  of  a  Avonderfully  well-equipped  parasite. 

The  embryonic  Cuscuta  plantlet,  coiled  up  in  the  seeds,  pushes  up  from  the 
ground  in  the  Spring,  but  even  then  it  makes  no  use  of  its  cotyledons  as  a  source 
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of  nourisliment  ;  tliey  always  remain  in  an  nudeveloped  condition  (Fig.  185,  at  the 
right).  Kor  does  any  underground  root  system  develop  from  the  young  rootlet, 
which  however  soon  dies  off.  The  seedling  becomes  at  once  drawn  out  into  a 
long  thin  filament,  the  free  end  of  which  moves  in  broad  circles,  and  so  inevitably 
discovers  any  plant,  available  as  a  host,  that  may  be  growing  within  its  reach. 
In  case  its  search  for  a  host-plant  is  unsuccessful,  the  seedling  is  still  able  to  creep 
a  short  distance  further  at  the  expense  of  the  nourishing  matter  drawn  from  the 
other  extremity  of  the  filament,  which  then  dies  off  (t)  as  the  growing  ex- 
tremity lengthens.  If  the  free  end,  in  the  course  of  its  circular  movements,  comes 
ultimately  into  contact  with  a  proper  nourishing  plant,  such  as,  for  example, 
the  stem  of  a  Ifettle  or  a  young  Willow  shoot  (Fig.  185,  in  the  centre),  it  twines 
closely  about  it  like  a  climbing  plant.  Papillose  protuberances  of  the  epidermis 
are  developed  on  that  side  of  the  parasitic  stem  in  contact  with  the  host-plant, 
and  pierce  the  tissue  of  the  host.  If  the  conditions  are  favourable,  these  pre- 
HAUSTORIA  are  soon  followed  by  special  organs  of  absorption,  the  haustoria  (H). 
These  are  peculiarly  developed  adventitious  roots  which  arise  from  the  internal 
tissues  of  the  jDarasite,  and  possess,  in  a  marked  degree,  the  capabilit}'  of  penetrat- 
ing to  a  considerable  depth  into  the  body  of  the  host-plant  by  means  of  solvent 
ferments  and  the  pressure  resulting  from  their  own  growth.  They  invade  the  tissues 
of  the  host,  apparently  without  difficulty,  and  fasten  themselves  closely  upon  its 
vascular  bundles,  while  single  hyphal-like  filaments  X3roduced  from  the  main  part  of 
the  haustoria  penetrate  the  soft  parenchymatous  cells  and  absorb  nourishment  from 
them.  A  direct  connection  is  formed  between  the  xylem  and  phloem  portions  of 
the  bundles  of  the  host-plant  and  the  conducting  system  of  the  parasite,  for  in  the 
thin-walled  tissue  of  the  haustoria  there  noAv  develop  both  wood  and  sieve-tube 
elements,  which  connect  the  corresponding  elements  of  the  host  with  those  of  the 
parasitic  stem  (Fig.  185,  at  the  left).  Like  an  actual  lateral  organ  of  the  host- 
plant,  the  parasite  draws  its  transpiration  water  from  the  xylem,  and  its  plastic 
nutrient  matter  from  the  phloem  of  its  host.  The  haustoria  of  Orohanchc  (Broom 
rape),  another  parasite,  penetrate  only  the  roots  of  the  host-plant,  and  only  its 
light  yellow  or  reddish-brown  or  amethyst-coloured  flower-shoot  appears  above  the 
surface  of  the  ground.  Orohanchc,  like  Cuscuta,  also  contains  a  small  amount  of 
chlorophyll.  Both  are  dreaded  pests  ;  they  inflict  serious  damage  upon  cultivated 
plants,  and  are  difficult  to  exterminate. 

Many  parasitic  plants,  especially  the  Rafflesiaccac,  have  become  so  completely 
transformed  by  their  parasitic  mode  of  life  that  they  develop  no  apparent  vegetative 
body  at  all ;  but  grow  altogether  within  their  host-plant,  whence  they  send  out  at 
intervals  their  extraordinary  flowers.  In  the  case  of  Filostyles,  a  parasite  which 
lives  on  some  Asiatic  species  of  Astragalus,  the  whole  vegetative  body  is  broken 
up  into  single  cell  filaments,  which  penetrate  the  host-plant  like  the  mycelium  of 
a  fungus.  The  flowers  alone  become  visible  and  protrude  from  the  leaf-axils  of 
the  host-plant. 

In  addition  to  these  parasites,  which  have  come  to  be  absolutely 
dependent  upon  other  plants  for  their  nourishment,  there  are  certain 
parasites  which,  to  judge  by  external  appearances,  seem  to  be  quite 
independent,  for  they  possess  large  green  leaves  with  which  they  are 
able  to  assimilate  vigorously.  In  spite  of  this,  however,  these  plants 
only  develop  normall}^,  when  their  root  system  is  in  connection  with 
the  roots  of  other  plants  by  means  of  disc-shaped  haustoria.  Thesium, 
belonging  to  the  Santalaceae,  and  the  following  genera  of  the  Rhynan- 
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thaceae,  BhinantJms,  Euphrasia,  and  Pedkularis,  may  be  mentioned  as 
examples  of  plants  showing  these  peculiar  conditions.  Another 
member  of  the  same  natural  order,  Melampyruyn,  has,  on  the  other 
hand,  developed  a  saprophytic  mode  of  life.  The  Mistletoe  {Viscum 
album),  although  strictly  parasitic,  possesses,  nevertheless,  like  many 
of  the  allied  foreign  genera  of  the  Loranthaceae,  fairly  large  leaves 
well  supplied  Avith  chlorophyll,  and  fully  able  to  provide  all  the 
carbohydrates  required. 

Humus  plants,  like  some  of  the  Orchidaceae  {Neottia,  Coralliorrhiza, 
etc.),  and  the  Momtropeae,  are  restricted  to  a  purely  saprophytic  mode 
of  nutrition,  and  to  that  end  iitilise  the  leaf-mould  accumulated 
under  trees.  The  thick  roots  or  rhizomes  of  these  plants  offer  so 
little  surface  for  the  absorption  of  nourishment,  that  it  appears  as  if 
the  threads  of  the  Fungi,  which  are  always  found  knotted  and  coiled 
together  in  their  outer  cells,  and  the  free  ends  of  which  spread  out  in 
surrounding  humus,  must  in  some  way  co-operate  in  their  nutritive 
processes. 

The  roots  of  green  plants  wliicli  live  in  a  soil  rich  in  decaj'ing  vegetable  matter 
possess  similar  fungoid  growths  Avliich,  as  in  the  above-mentioned  Orchids,  lie 
partly  rolled  up  in  the  root-cells,  and  in  part  spread  out  in  the  humus.  Interwoven 
masses  of  hypha?  sometimes  so  thickly  surround  and  encircle  the  young  root-tips 
that  a  direct  absorption  by  the  roots  from  the  soil  is  rendered  impossible.  These 
give  rise  to  a  formation  known  as  Mycorkhiza.  In  this  manner,  according  to 
Frank,  the  root-tips  of  the  forest-forming  Cupid  if erae  and  Conifcrae,  as  also  of 
many  Ericaceae,  are  always  covered  by  a  fungus  sheath.  This  fungus  vegetation 
aj)pears  to  be  in  no  way  injurious,  but,  on  the  contrary,  probably  of  benefit,  at  least, 
judging  from  the  results  of  culture  experiments  made  with  these  plants  without 
mycorrhiza.  As  yet,  the  mutual  relations  existing  between  the  Fungi  and  the 
flowering  plants  is  not  fully  understood  ;  possibly  their  connection  may  be  a  sym- 
biotic one,  in  which  the  fungus  hyphre  perform  for  the  trees  the  functions  of  the 
root-hairs,  and,  in  turn,  receive  from  the  tree  a  part  of  their  nourishment. 

A  marvellous  relation  between  roots  and  Bacteria  exists  in  the  case 
of  the  Leguminosae.  It  has  long  been  known  that  peculiar  outgro^vths, 
the  so-called  root-tubercles,  are  found  on  the  roots  of  many  Legu- 
minosae (Bean,  Pea, -Lupine,  Clover,  etc.)  (Fig.  186).  Within  the 
last  few  years,  the  astonishing  discovery  has  been  made  that  these 
tubercles  are  caused  by  certain  Bacteria,  chiefly  by  Rliizohium  legumi- 
nosarum  {Bacillus  radicicola).  These  Bacteria  penetrate  through  the 
root-hairs  into  the  cortex  of  the  roots,  and  there  give  rise  to  the  tuber- 
cular growths.  These  tubercles  become  filled  w^th  a  bacterial  mass, 
consisting  principally  of  swollen  and  abnormally  developed  (hypertro- 
phied)  Bacterioids,  but  in  part  also  of  Bacteria  which  have  remained 
in  their  normal  condition.  The  former  seem  to  be  eventually  consumed 
by  the  host-plant,  while  the  latter  remain  with  the  dead  roots  in  the  soil, 
to  provide  for  future  reproduction.  As  the  experiments  of  Hellriegel 
and  the  investigations  of  Xobbe,  Beyerixck,  and  Frank  prove. 
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we  have  here  another  example  of  symbiosis,  in  which  the  Leguminosae 
furnish  carbohydrates  to  the  Bacteria,  which,  in  turn,  possess  the  power 
of  taking  up  free  nitrogen,  and  passing  it 
on  to  the  host  in  an  available  form  (p.  173). 
This  is  at  least  certain  ;  the  Legumiiiosae 
with  such  tubercles  contain  at  maturity 
more  nitrogen  than  could  have  been  pro- 
cured from  the  nitrates  and  other  substances 
in  the  soil  in  which  they  grow. 

In  addition  to  increasing  the  supply  of 
nitrogen,  the  presence  of  Ilhiiohium  seems 
to  exert  a  favourable  influence  on  the  growth 
of  its  host-plant.  Peas  and  Lupines  do  not 
thrive  well  in  even  the  richest  soil,  if  it 
has  been  sterilised,  and  the  formation  of 
the  tubercles  prevented.  On  the  addition 
of  other  unsterilised  soil  in  which  the  Bac- 
teria are  known  to  exist,  the  tubercles  will 
then  appear  on  the  roots,  the  plants  become 
at  once  stronger,  and  show  by  their  in- 
creased growth  a  greater  activity  of  their 
metabolic  processes. 

While  parasitism  or  saproph3'tism  is  of 
rare  occurrence  among  the  higher  plants, 
and  confined  to  single  species,  in  which  it 
often  occurs  only  irregularly  and  is  depen- 
dent upon  the  environment,  among  the 
lower  plants  ft  is  more  general ;  large 
families  with  innumerable  genera  and  species 
are  found  completely  devoid  of  chlorophj'll  loot  of  vida  Fnba, 

/T,        .         1   -r»     J.     •  \         1     ij.       J.^  ^^it'^  numerons  root -tubercles. 

(rungi  and  Bacteria),  and  altogether  para-  (Reduced.) 
sitic  or  saprophytic  in  their  mode  of  life. 

Of  the  Fungi  and  Bacteria  some  are  true  parasites,  and  are  often 
restricted  to  certain  special  plants  or  animals,  or  even  to  distinct 
organs ;  others,  again,  are  strictly  saprophytic  in  their  habit,  while 
others  ma}"  be  either  parasitic  or  saproph^^-tic,  according  to  circum- 
stances. What  renders  the  conduct  of  these  lower  organisms  parti- 
cularly striking,  is  the  peculiarity  possessed  by  many  of  them  of  not 
fully  utilising  all  of  the  organic  matter  at  their  disposal ;  but,  on  the 
contrary,  so  decomposing  and  disorganising  the  greater  part  of  it  by 
their  fermentative  activity  that  their  own  development  soon  becomes 
restricted.  When  Yeast-fungi  develop  in  a  litre  of  grape -juice 
they  use  very  little  of  it  for  their  ow^n  nourishment,  but  by  far  the 
greater  part  of  it  becomes  decomposed  by  the  fermentation  they 
induce.  As  a  result  of  this  fermentation,  together  with  the  pro- 
duction of  carbonic  acid,  the  grape-sugar  solution  becomes  converted 
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into  an  alcoholic  liquid,  containing  small  amounts  of  glycerine, 
succinic  acid,  and  ester-like  comjDOunds  in  which  the  yeast  itself  can  no 
longer  thrive.  The  nourishing  material  of  the  litre  of  grape-juice  could 
have  supported  a  vastly  larger  quantity  of  yeast  had  the  fermentation 
not  set  in.  In  the  same  manner,  when  Mucor-fungi  attack  an  apple, 
they  not  only  take  the  small  amount  of  organic  matter  necessary  for 
their  sustenance,  but  at  the  same  time  convert  the  whole  apple  into 
a  soft  decaying  mass.  In  addition  to  this  peculiar  nutritive  activity, 
intramolecular  respiration  (p.  219)  is  also  active  in  the  promotion  of 
fermentation  and  putrefaction.  A  considerable  degree  of  heat  is  also 
evolved  in  the  course  of  these  processes.  The  utilisation  of  this 
heat  in  making  hot-beds  is  a  familiar  practice.  The  heat  produced  by 
damp  fermenting  hay  or  raw  cotton  may  often  become  so  great  that 
spontaneous  combustion  ensues.  In  germinating  Barley  an  increase 
in  temperature  of  from  40  to  70  or  more  degrees  has  been  observed. 
The  development  of  so  much  heat  in  this  case  is  not  due  solely  to  the 
respiration  of  the  barley  seeds,  but,  according  to  CoHN,  to  the  decom- 
posing activity  of  a  fungus  {Aspergillus  fuinigatus).  The  spontaneous 
combustion  of  raw  cotton  is,  on  the  other  hand,  caused  b}^  a  Micro- 
coccus. Coagulated  albumen  and  thick  gelatine  are  rendered  fluid 
by  many  Fungi  and  Bacteria,  while  the  escaping  gases  (carbonic  acid, 
sulphuretted  hydrogen,  ammonium  sulphide,  ammonia,  etc.)  show 
how  deep-seated  is  the  decomposition.  It  is  by  similar  processes  of 
decomposition  that  dead  organic  matter  becomes  thoroughly  dis- 
organised and  rendered  harmless.  To  the  decomposing  action  of 
Fungi  and  Bacteria  is  due  the  severity  of  many  diseases  ^vhich  they 
produce  in  living  organisms  (potato  disease,  wheat  smut,  cholera, 
typhus,  diphtheria,  anthrax,  etc.).  By  the  possession  or  formation 
of  substances  (alexine,  antitoxine),  which  react  as  specific  poisons 
upon  the  infecting  Bacteria,  plants,  and  particularly  animals,  in  turn 
protect  themselves  against  the  attacks  of  such  micro-organisms.  It  is 
due  to  a  knowledge  of  this  fact  that  the  science  of  Theraj)eutics  has 
been  enabled  to  cope  more  and  more  successfully  with  infectious 
diseases. 

Fungi  and  Bacteria,  in  addition  to  the  power,  dangerous  to  them- 
selves, of  disorganising  their  own  nutrient  substratum  by  fermentation 
and  putrefaction,  also  possess  the  capability  of  making  an  unsuitable 
substratum  suitable  for  their  sustenance.  By  means  of  inverting 
ferments  they  can  convert  an  unsuitable  cane-sugar  into  an  available 
grape-sugar,  and  by  their  dlastatic  ferments  they  are  able  to  form 
starch  from  glucose  and  maltose. 

As  is  evident  from  their  thriving  upon  such  various  substrata, 
Fungi  have  the  power  of  producing  irom  the  most  different  carbon 
compounds  (and  also  from  nitrogenous  mineral  compounds  such  as 
ammonium  tartrate,  or  even  ammonium  carbonate)  protoplasm,  cell 
wall,  nuclein,  fat,  glycogen,  etc.    It  is  also  an  astonishing  fact  that. 
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while  certain  Fungi  and  Bacteria  do  not  require  free  oxygen  for  their 
development  (xA.naerobionts),  others  (the  so-called  aerobiotic  forms)  are 
unable  to  develop  or  indeed  to  exist  without  oxygen. 

While  many  Fungi  inflict  far  greater  injury  upon  their  host-plants 
by  the  decomposition  the}^  induce,  than  by  the  withdrawal  of  the 
nutritive  substances,  others  produce  a  difterent  effect.  The  Rust-fungi, 
for  instance,  do  comparatively  little  injury  to  their  host ;  while  the 
relation  between  host  and  Fungus  in  the  case  of  the  Lichens  has  been 
shown  to  be  absolutely  beneficial.  The  Lichens  were  formerly  considered 
to  be  a  third  group  of  the  lower  Cryptogams  and  of  equal  value  with 
the  Algae  and  Fungi.  It  is  only  in  recent  years  that  the  astounding 
discovery  was  made  by  De  Bary  and  verified  by  the  investigations 
particularly  of  Schwexdener,  Reess,  and  Stahl,  that  the  body  of 
the  Lichens  is  not  a  single  organism,  but  in  reality  consists  of  Algae 
(e.g.  fission  -  Algae),  which  also  exist  in  a  free  state,  and  of  Fungi, 
which  for  the  most  part  belong  to  the  Ascomycetes.  The  Fungus 
hji^hae  within  the  Lichen  weave  themselves  around  the  Algae  ;  and 
while  the  latter  occupy  the  upper  or  outer  side  of  the  leaf-like  or 
cylindrical  thallus  as  the  more  favourable  position  for  assimilation, 
the  hyphae  come  into  the  closest  contact  with  them  and  absorb  from 
them  part  of  their  assimilated  products.  The  Fungi  in  return  provide 
the  Algae  with  nutrient  water,  and  enable  them  to  live  in  situations 
in  which  they  could  not  otherwise  exist.  As  a  result  of  this  close 
union  with  the  Fungi,  the  Algae  are  in  no  way  exhausted,  but  become 
more  vigorous  than  in  their  free  condition,  and  reproduce  themselves 
by  cell  division.  As  both  symbionts,  the  Algae  as  well  as  the  Fungi, 
thus  derive  mutual  advantage  from  their  consortism,  Lichens  form  one 
of  the  most  typical  examples  of  vegetable  symbiosis. 

The  cause  of  the  regular  appearance  of  the  fission-Algae  Nostoc 
and  Anabaena  in  the  roots  of  the  Ci/cadeae  and  in  the  leaves  of 
Azolla  and  other  water-plants  is  much  less  easy  to  explain. 

In  connection  with  these  cases  of  symbiosis  between  plants,  mention  may  liere 
be  made  of  the  similar  symbiotic  relation  existing  between  animals  and  plants. 
Like  the  Lichen-fungi,  the  lower  animals,  according  to  Brandt,  profit  by  an 
association  with  unicellular  Ahjac  by  appropriating  their  assimilated  products  with- 
out at  the  same  time  disturbing  the  performance  of  their  functions.  Fresh -water 
Polyps  {Hydra),  Sponges  {SpongiUa),  Ciliata  {Sfentor,  Paramecium),  also  Helio- 
zoas,  Vermes  (Planaria),  and  Amoebae  (A.  j^roteus)  are  often  characterised  by  a  deep 
green  colour,  due  to  numerous  Algae  which  they  harbour  within  their  bodies,  and 
from  the  products  of  whose  assimilation  they  also  derive  nourishment.  In  the  case 
of  the  Radiolarias,  the  so-called  "  yellow  cells,"  which  have  been  distinguished  as 
yellow  unicellular  Seaweeds,  function  in  the  same  way  as  the  green  Algae  in  the 
other  instances.  Another  remarkable  example  of  symbiosis  in  which  the  relation- 
ship is  not  one  merely  of  simple  nutrition,  has  been  developed  between  certain 
plants  and  ants.  The  so-called  Ant-plants  {Myrmecophytae)  offer  to  certain  small 
extremely  warlike  ants  a  dwelling  in  convenient  cavities  of  the  stems  (Cecropia), 
in  hollow  thorns  (Acacia  spaclicigera.  and  sphaerocepJiala,  Fig.  187,  N),  in  swollen 
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and  inflated  internodes  {Cordia  nodosa),  or  in  the  labyrinthine  passages  of  their 
large  stem-tnbers  {Myrmecodia).  At  the  same  time  the  ants  are  provided  with 
food  in  the  case  of  the  Cecropias  and  Acacias  in  the  form  of  albuminous  fatty 
bodies  ("food  bodies,"  Fig,  187,  F),  and  by  the  Acacias  also  with  nectar.  The 
ants  in  exchange  guard  the  plants  most  effectively  against  the  inroads  of  animal 
foes  as  well  as  against  other  leaf-cutting  species  of  ants,  which,  in  the  American 
tropics,  kill  trees  by  completely  and  rapidly  divesting  them  of  their  entire  foliage. 
These  same  leaf-cutting  ants  live  in  symbiosis  with  a  Fungus  {Rozites  (joiigylopliora). 
Upon  the  accumulated  leaves  ("Fungus-gardens"),  according  to  Mollek,  the  ants 
make  pure  cultures  of  the  fungus  mycelium,  Avhose  peculiar  nutritive  outgrow^ths 
serve  them  exclusively  for  nourishment.  Other  familiar  examples  of  symbiosis 
are  those  existing  between  flowers  and  birds  or  insects.  The  flowers  in  these 
instances  provide  the  nourishment,  usually  nectar  or  pollen,  but  sometimes  also 
the  ovviles  (Yucca-moth  and  the  gall-wasp  of  the  figure),  while  the  animals  are 


Fig.  1S7. — Acacia  sinhaerocepluda.  I,  Leaf  and  part  of  stem  ;  S,  hollow  thorns  in  Avhich  the  ants 
live  ;  F,  food-bodies  at  the  apices  of  the  lower  pinnules  ;  N,  nectary  on  the  petiole.  (Reduced.) 
II,  Single  pinnule  with  food-hody,  F.    (Somewhat  enlarged.) 

instrumental  in  the  pollination.  Here  also  each  symbiont  is  dependent  upon  the 
other.  In  the  case  of  the  unintentional  dissemination  of  fruits  and  seeds  by  tlie 
agency  of  animals,  the  symbiotic  relations  are  less  close. 


Of  all  the  different  processes  of  supplementary  nutrition  employed 
by  plants,  those  exhibited  by  Insectivorous  Plants  in  the  capture  and 
digestion  of  animals  is  unquestionably  the  most  curious.  Although 
they  are  green  plants  and  in  positions  to  provide  their  own  organic 
nourishment,  they  have,  in  addition,  secured  for  themselves,  by 
peculiar  contrivances,  an  extraordinary  source  of  nitrogenous  organic 
matter,  by  means  of  which  they  are  enabled  to  sustain  a  more  vigorous 
growth,  and  especially  to  support  a  greater  reproductive  activity,  than 
would  otherwise  be  possible  without  animal  nourishment.  It  is  not 
accidental  that  the  plants  which  have  become  carnivorous  are,  for  the 
most  part,  either  inhabitants  of  damp  places,  of  water  swamps,  and 
moist  tropical  woods,  or  that  they  are  epiphytes.    The  nitrogenous 


SECT.  II 


PHYSIOLOGY 


215 


and  phosphoric  salts  of  the  soil  are  not  obtained  by  them  in  the  same 
quantities  as  in  the  case  of  the  more  vigorously  transpiring  land-plants. 
This  is  very  evidently  the  case 
in  the  Sundew  {Drosem),  which 
is  loosely  attached  by  a  few  roots 
upon  a  thick  spongy  carpet  of 
Bog-moss,  and  must  find  in  the 
animal  food  a  valuable  addition 
to  its  nitroo:enous  nourishment. 


Fio.  188.— A  leaf  of  Droscm  rotumlifoUa.  The 
stalked  glands  and  their  secretions  serve  for  the 
capture  and  digestion  of  insects.  (After 
Darwix,  enlarged.) 


A  great  variety  of  contrivances  for 
the  capture  of  insects  are  made  use  of 
by  carnivorous  plants.  The  leaves  of 
Drosera  are  covered  with  stalk-like  out- 
growths ("tentacles"),  the  glandular 
extremities  of  Avhich  discharge  a  viscid 
acid  secretion  (Figs.  188  and  115).  Any 
small  insect,  or  even  larger  fly  or  moth, 
Avhich  comes  in  contact  with  any  of  the 
tentacles  is  caught  in  the  sticky  secre- 
tion, and  in  its  ineffectual  struggle  to 
free  itself  it  only  comes  in  contact  with 
other  glands  and  is  even  more  securely 
held.  Excited  by  the  contact  stimulus, 
all  the  other  tentacles  curve  over  and 
close  upon  the  captured  insect,  while 
the  leaf-lamina  itself  becomes  concave 
and  surrounds  the  small  prisoner  more  closely.  The  secretion  is  then  discharged 
more  abundantly,  and  contains,  in  addition  to  an  increased  quantity  of  formic  acid, 

a  peptonising  ferment.  The  im- 
prisoned insect,  becoming  thus 
completely  covered  with  the  secre- 
tion, perishes.  It  is  then  slowly 
digested,  and,  together  with  the 
secretion  itself,  is  absorbed  by  the 
cells  of  the  leaf. 

In  Piiujuicula  it  is  the  leaf- 
margins  which  fold  over  amy  small 
insects  that  may  be  held  by  the 
minute  epidermal  glands.  In 
species  of  Utricularia  (Fig.  34), 
growing  frequently  in  stagnant 
water,  small  green  bladders  (meta- 
morphosed leaf-tips)  are  found  on 
the  tips  of  the  dissected  leaves. 
In  each  bladder  there  is  a  small 
opens  inwards.    Small  snails  and 


Fig.  189.— a  leaf  of  Dionaea  mvscipula,  showing  the 
sensitive  bristles  on  its  upper  surface,  which,  in  the 
parts  shaded,  is  also  thiclily  beset  with  digestive 
glands.    (After  Darwin,  enlarged.) 


opening  closed  by  an  elastic  valve  which  only 
crustaceans  can  readily  pass  through  this  opening,  guided  to  it  by  special  out- 
groAvths  ;  but  their  egress  is  prevented  by  the  trap-like  action  of  the  valve,  so  that 
in  one  bladder  as  many  as  ten  or  twelve  criistaceans  will  often  be  found  imprisoned 
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at  the  same  time.  The  absorption  of  the  disorganised  animal  remains  seems  to  be 
performed  by  forked  hairs  which  spring  from  the  Avails  of  the  bladder. 

More  remarkable  still,  and  even  better  adapted  for  its  purpose,  is  the  mechanism 
exhibited  by  other  and  now  well-known  insectivorous  plants.  In  the  case  of 
Venus  Fly-trap  {Dionaea),  growing  in  the  peat  bogs  of 
Xorth  Carolina,  the  capture  of  insects  is  effected  by 
the  sudden  closing  together  of  the  two  halves  of  the 
leaves  (Fig.  189).  This  action  is  especially  due  to 
the  irritability  of  three  bristles  on  the  upper  side  of 
each  half-leaf  (the  leaf  surfaces  themselves  are  much 
less  sensitive).  Upon  the  death  of  the  insect  caught 
by  the  leaf,  a  copious  excretion  of  digestive  sap 
takes  place  from  glandular  liairs  on  the  leaf  surface, 
followed  by  the  absorption  of  the  products  of  the 
digestive  solution.  In  the  case  of  other  weil-knoAvn 
insectivorous  plants  {KepentJies,  Cex>halotus,  Sarra- 
cenia,  Darlingtonia),  the  traps  for  the  capture  of 
animal  food  are  formed  by  the  leaves  which  grow  in 
the  shape  of  pitchers  (Figs.  33,  190).  These  trap- 
like receptacles  are  partially  filled  with  a  watery  fluid 
excreted  from  glands  on  their  inner  surfaces.  En- 
ticed by  secretions  of  honey  to  the  rim  of  the  pitcher 
(in  the  case  of  Nepenthes),  and  then  slipping  on  the 
extraordinarily  smooth  surface  below  the  margin,  or 
guided  by  the  downward-directed  hairs,  insects  and 
other  small  animals  finally  fall  into  the  fluid  and 
are  there  digested  by  the  action  of  ferments  and 
acids.  In  Sarracenia  and  Cephalotus,  Goebel  was 
unable  to  discover  any  digestive  ferments  ;  but  in 
Cephalotus,  however,  it  was  possible  to  determine 
that  the  secretions  have  antiseptic  properties.  The 
lid -like  appendage  at  the  opening  of  the  pitcher  of 
Nepenthes,  Sarracenia,  and  Cephalotus  does  not  shut ; 
its  function  seems  to  be  merely  to  prevent  foreign 
substances  from  falling  into  the  pitcher,  arid  parti- 
cularly to  keep  out  the  rain.  The  entrance  to  the 
tubular  leaves  of  Darlingtonia  is  under  the  helmet-like  extremity,  and  therefore 
a  lid  is  unnecessary. 


Fig.  190.— Pitcherecl  leaf  of  a 
Nepenthes.  A  portion  of  the 
lateral  wall  of  the  pitcher  has 
been  removed  in  order  to 
show  the  fluid  (F),  excreted  by 
the  leaf-glands.  (Reduced.) 


III.  Respiration 

It  is  a  matter  of  common  knowledoje  that  animals  are  unable  to 
exist  without  breathing.  In  the  higher  animals  the  process  of  respira- 
tion is  so  evident  as  not  easily  to  escape  notice,  but  the  fact  that 
plants  breathe  is  not  at  once  so  apparent.  Just  as  the  method  of  the 
nutrition  of  green  plants  was  only  discovered  by  experiment,  so  it  also 
required  carefully  conducted  experimental  investigation  to  demon- 
strate that  PLANTS  ALSO  MUST  BREATHE  IN  ORDER  TO  LIVE  ;  that,  like 
animals,  they  take  up  oxygen  and  give  off  carbonic  acid.  Even 
LiEBiG  in  1840,  in  his  epoch-making  work  (Die  organische  Chemie  in 
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ihrer  Anwendung  auf  Agrkultur  unci  Phi/siologie),  showing  the  applica- 
tion of  organic  chemistry  to  agriculture  and  physiology,  refused  to 
believe  in  the  respiration  of  plants.  Although  the  question  had 
already  been  thoroughly  investigated  by  Saussure  in  1822,  and  by 
DuTROCHET  in  1837,  and  its  essential  features  correctly  interpreted, 
LlEBiG  pronounced  the  belief  in  the  respiration  of  ^Dlants  to  be  opposed 
to  all  facts,  on  the  ground  that  it  was  positively  proved  that  plants 
on  the  contrary  decomposed  carbonic  acid  and  gave  off  the  oxygen. 
He  asserted  that  it  was  an  absurdity  to  suppose  that  both  processes 
were  carried  on  at  the  same  time  ;  and  yet  that  is  what  occurs. 

Assimilation  and  respiration  are  two  distinct  yital  pro- 
cesses CARRIED  ON  INDEPENDENTLY  BY  PLANTS.  WhILE  IN  THE 
PROCESS  OF  ASSIMILATION  green  PLANTS  ALONE,  AND  ONLY  IN  THE 
LIGHT,  DECOMPOSE  CARBONIC  ACID  AND  GIYE  OFF  OXYGEN,  all  PLANT 
ORGANS  "WITHOUT  EXCEPTION  BOTH  BY  DAY  AND  BY  NIGHT  TAKE  IP 
OXYGEN  AND  GIYE  OFF  CARBONIC  ACID.  Organic  substance,  obtained  by 
assimilation,  is  in  tarn  lost  by  respiration.  A  seedling  grown  in  the  dark 
so  that  assimilation  is  impossible,  loses  by  respiration  a  considerable  part 
of  its  organic  substance,  and  its  dr}^  weight  is  considerably  diminished. 
It  has  been  found  that  during  the  germination  of  a  grain  of  Indian  Corn, 
a  full  half  of  the  organic  reserve  material  is  consumed  in  three  weeks. 
That  green  plants  growing  in  the  light  accumulate  a  considerable 
surplus  of  organic  substance,  is  due  to  the  fact  that  the  daily  production 
of  material  by  the  assimilatory  activity  of  the  green  portions  is  greater 
than  the  constant  loss  which  is  caused  by  the  respiration  of  all  the 
organs.  Thus,  according  to  Boussingault's  estimates,  in  the  course 
of  one  hour's  assimilation  a  plant  of  Sweet  Bay  will  produce  material 
sufficient  to  cover  thirty  hours'  respiration. 

The  question  may  be  asked,  why  then  is  respiration  essential  to 
life  1  It  cannot  be  that  its  importance  for  plants  arises  from  the 
loss  of  substance ;  that  would  be  but  a  mere  waste  of  material 
which  had  been  previously  elaborated  by  the  plant.  A  means  of 
judging  of  the  importance  of  respiration  is  afforded  by  the  behaviour 
of  the  plants  themselves  when  deprived  of  oxygen.  By  placing  them, 
for  example,  under  a  jar  containing  either  pure  nitrogen  or  hydrogen,  or 
in  one  from  which  the  air  has  been  exhausted,  it  will  then  be  found  that 
all  vital  activity  soon  comes  to  a  stand-still  :  plants,  previously  growing 
vigoroush^,  cease  their  growth  ;  the  streaming  motion  of  the  protoplasm 
in  the  cells  is  suspended,  as  well  as  all  external  movement  of  the 
organs.  Motile  organs  of  plants  become  stifl'  and  rigid  and  sink  into 
a  death-like  condition.  If  oxygen  be  admitted,  after  not  too  long  an 
interval,  the  interrupted  performance  of  the  vital  function  is  again 
renewed.  A  longer  detention  in  an  atmosphere  devoid  of  oxygen  will, 
however,  irrevocably  destroy  all  traces  of  vitality  ;  as  in  every  condi- 
tion of  rigor  internal  chemical  changes  take  place,  which,  by  a  pro- 
longed exclusion  of  oxygen,  lead  to  the  destruction  and  disorganisation 
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of  the  living  substance.    The  presence  of  oxygen  is  necessary  to 

THE  CHEMICAL  PROCESSES  TAKING  PLACE  WITHIN  THE  CELL,  IN  ORDER 
TO  MAINTAIN  THE  LIVING  SUBSTANCE  IN  A  CONDITION  OF  NORMAL 
ACTIVITY. 

Tlie  absorption  of  oxygen  and  the  evolution  of  carbonic  acid  by  living  plants 
can  be  demonstrated  both  qualitatively  and  quantitatively  by  simple  experiments. 
From  what  has  already  been  said  of  the  contradictory  nature  of  assimilation  and 
respiration,  it  will  be  at  once  apparent  that  these  experiments  must  be  conducted 
either  in  the  dark  or  on  portions  of  plants  devoid  of  chlorophyll.  Coloured  or 
white  flowers,  roots,  germinating  seeds  and  Fungi  furnish  suitable  objects  on 
which,  at  any  time,  the  gaseous  interchange  occurring  during  respiration  may 
be  observed.  The  more  abundant  the  protojilasm  and  the  more  energetic  its 
vital  activity,  so  much  tlie  more  vigorous  is  the  respiration.  The  best  results  are 
obtained,  therefore,  from  young  portions  of  plants  in  an  active  state  of  growth. 
It  should  also  be  mentioned  that  from  the  following  experiments  only  the  carbonic 
acid  and  not  the  whole  of  the  products  of  the  respiratory  activity  are  determined. 
From  theoretical  considerations,  and  also  from  exact  cliemical  analysis,  it  has  been 
definitely  established  that,  in  additiox  to  caiibonic  acid,  water  is  formed 

FROM  THE  ORGANIC  MATTER  BY  RESPIRATION. 

The  absorption  of  oxygen  and  the  formation  of  carbonic  acid  may  be  clearly 
shown  by  the  following  experiments  (Fig.  191).  A  flask  {B)  filled  with  young  mush- 
rooms or  Comj)osite  flowers  is  inverted  with  its  mouth  in  an  open  vessel  of  mercury 
{Q),  and  a  few  centimetres  of  caustic  potash  solution  introduced  within  its  neck. 
In  the  same  degree  as  the  carbonic  acid  produced  by  respiration  is  absorbed  by  the 
caustic  potash,  the  volume  of  air  in  the  flask  will  be  reduced  and  the  mercury  will 
rise  in  the  neck.  After  a  time,  the  ascent  of  the  mercury  ceases  and  it  remains 
stationary.  If  the  quantity  of  air  remaining  in  the  flask  be  estimated,  it  Avill  be 
found  that  it  has  lost  a  fifth  of  its  original  volume  ;  this  means,  however,  that  the 
whole  of  the  oxygen  (which  makes  up  one-fifth  of  the  atmospheric  air)  has  been 
absorbed.  If  caustic  potash  is  not  used  in  this  experiment  to  absorb  the  ex- 
haled carbonic  acid,  the  mercury  remains  at  its  natural  level,  or,  in  other  words, 
the  volume  of  air  in  the  flask  remains  unchanged.  From  tliis  experiment  it  is 
apparent  that  the  volume  of  oxygen  absorbed  is  equal  to  the  volume  of  carbonic 

CO 

acid  evolved,  as  expressed  by  the  formula        =1.    This  equivalence  of  volume 

between  the  oxygen  absorbed  and  the  carbonic  acid  exhaled  exists  only  in  cases 
where  the  oxygen  is  used  exclusively  for  respiration,  and  not  where  it  is  con- 
sumed in  transforming  the  contents  of  the  cells,  as  is  observed  in  the  germination 
of  seeds  rich  in  fat,  and  in  the  interchange  of  gases  in  the  case  of  the  succulents. 
In  the  germination  of  seeds  rich  in  fat,  the  fat  is  converted  into  carbohydrates 
richer  in  oxygen.  The  oxygen  consumed  remains  combined  in  the  plant.  On  the 
other  hand,  in  the  case  of  the  succulents,  their  peculiar  power  of  eff"ecting  oxidation 
during  the  night  and  subsequent  deoxidation  in  the  light,  modifies  the  gaseous 
interchange  of  respiration. 

The  absorption  of  oxygen  in  the  respiration  of  plants  can  also  be  shown  by  the 
fact  tliat  a  flame,  held  in  a  receptacle  in  wdiich  plants  have  been  kept  for  a  time,  is 
extinguished.  If  a  lighted  taper  be  thrust  into  a  glass  cylinder  Avhich  has  been 
partially  filled  with  flowers  or  mushrooms,  and  then  tightly  covered  and  allowed 
to  remain  for  a  day,  it  Avill  be  extinguished,  as  the  oxygen  of  the  air  in  the 
cylinder  will  all  have  been  absorbed.    The  carbonic  acid  exhaled  in  respiration  can 
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be  quantitatively  determined  from  the  increase  in  the  weight  of  the  caustic  potash 
by  which  it  has  been  absorbed,  or  from  the  amount  of  barium  carbonate  precipi- 
tated by  conducting  the  respired  carbonic  acid  through  baryta  water  (to  which 
some  BaCl2  has  been  added).  In  this  last  experiment  it  will  of  course  be 
necessary  to  free  the  air  from  all  traces  of  carbonic  acid  before  it  is  admitted  to  the 
respiring  j)lants. 

Intramolecular  Respiration. — In  the  middle  of  the  seventies 
Pfluger  made  the  surprising 
discovery  that  frogs  are  not 
only  able  to  live  for  some  time 
in  an  atmosphere  devoid  of 
oxygen,  but  even  continue  to 
exhale  carbonic  acid.  From 
similar  investigations  it  was 
found  that  plants  also,  when 
deprived  of  oxygen,  do  not  die 
at  once,  but  can  prolong  their 
life  for  a  time  and  evolve  car- 
bonic acid.  Under  these  cir- 
cumstances it  is  apparent  that 
both  elements,  the  carbon  as 
well  as  the  oxj^gen,  must  be 
derived  from  the  organic  sub- 
stance of  the  plants  themselves : 
the  oxygen  can  only  be  ob- 
tained through  some  unusual 
process  of  decomposition  carried 
on  within  the  plant.  This  form 
of  respiration  has  consequently 
been  described  as  intramole- 
cular. 

The  amount  of  carbonic 
acid  produced  in  a  given  time 
by  intramolecular  respiration  is 

usually  less  than  that  given   off   Fig.  lOl.— Experiment  in  respiration.    Tlie  inverted 

in  the  same  time  during  normal      ^^'^        partially  tilled  with  flowers,  which 

.       .  rrn-  1  ^^^^^       place  by  the  plug  of  cotton  (IF), 

respiration.  i  here  are  plants.  Through  the  absorption  of  the  carbonic  acid  ex- 
however     (for    instance,     Vicia       'i^aled  m  respiration,  by  the  solution  of  caustic 

Faba),  whose  seedlings,  in  an     potash  (ai,  the  ^^^^^^^^^ 
atmosphere  of  pure  hydrogen, 

will  exhale  for  hours  as  much  carbonic  acid  as  in  the  ordinary  air. 
During  intramolecular  respiration  all  growth  ceases  and  abnormal 
processes  of  decomposition  take  place,  whereby  alcohol  and  other 
products  are  formed. 

It  had  formerly  been  believed  that  the  inciting  cause  of  respiration  was  the 
oxidising  activity  of  the  oxygen,  whicli  was  thouglit  to  act  upon  the  living 
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substance  in  the  same  way  as  upon  an  easily  oxidised  body.  But  the  discovery  of 
intramolecular  respiration  led  to  a  new  conception  of  the  processes  of  normal 
respiration.  According  to  it,  the  protoplasm  seems  by  its  vital  activity  constantly 
to  produce  one  or  more  substances  which  greedily  seize  upon  oxygen.  The  aflinity 
of  these  substances  for  oxygen  is  so  great  that,  in  case  no  free  oxygen  is  at  their 
disposal,  they  decompose  and  take  it  from  the  protoplasmic  substance  itself  (just 
as  chlorine  has  the  power  of  decomposing  other  compounds  to  combine  with 
hydrogen).  Plants  breathe,  accordingly,  not  as  a  result  of  the  decomposing 
oxidation  of  the  oxygen  in  the  air,  but  they  absorb  oxygen  because  respiration  is 
essential  to  the  performance  of  those  metabolic  processes  on  the  continuance  of 
which  their  own  vitality  depends.    Respiration,  like  nutrition  and  growth, 

IS  AN  expression  OF  A  PARTICULAR  VITAL  ACTIVITY  OF  THE  PROTOPLASM.  From 

this  standpoint,  it  is  at  once  evident  that  respiration  becomes  intensified  with  every 
increase  in  the  vital  activity,  and  on  the  other  hand,  decreases  with  every  diminu- 
tion of  the  vital  functions. 

To  understand  the  physiological  reason  or  the  existence  of  such  a  vital  pro- 
cess as  respiration  is  more  difficult.  The  behaviour  of  plants  in  an  atmosphere 
free  from  oxygen  demonstrates,  at  all  events,  that  normal  respiration  is  requisite 
for  the  vital  activity  of  the  protoplasm  ;  that,  through  it,  in  a  word,  the  equilibrium 
of  the  living  substance  is  disturbed,  and  so  the  stimulus  given  to  further  mole- 
cular movements  and  renewed  vital  activity.  Through  the  disturbing  activity 
of  respiration,  the  energy  of  the  protoplasm  is  continually  aroused,  and 
the  latent  forces,  accumulated  through  the  operation  of  the  vital  processes,  are 
again  set  free  :  it  is,  in  other  words,  the  specific  source  of  all  vital  energy.  In 
intramolecular  respiration,  the  necessity  for  oxygen  disturbs  the  equilibrium  in 
an  unnatural  way,  and  sets  free  forces,  which  lead,  not  to  the  continuance  of  the 
vital  activity,  but  to  the  destruction  of  the  living  substance. 

That  specific  vital  energy  can  be  otherwise  derived  than  through  the  utilisation 
of  free  oxygen  is  shown  in  the  case  of  the  Anaerobionts  (p.  213),  which  live  and 
multiply  without  the  presence  of  free  oxygen.  The  formation  of  ferric  hydroxide 
by  the  so-called  iron  bacteria,  as  well  as  the  production  of  sulphuric  acid  by  the 
SULPHUR  BACTERIA,  is  probably  the  result  of  an  attempt  on  the  part  of  those  micro- 
organisms to  substitute  other  sources  of  energy  for  normal  respiration. 

The  energy  gained  by  the  absorption  of  oxygen  is  accompanied  by 
a  loss  of  combustible  organic  substances.  This  loss  is  first  felt  by  the 
protoplasmic  body  itself,  but  is  soon  made  good  again  at  the  expense 
of  the  carbohydrates  and  fats ;  so  that  no  permanent  loss  of 
protoplasmic  substance  from  respiration  is  perceptible,  but  A  VISIBLE 

DIMINUTION  OF  THE  CARBOHYDRATES  AND  FATS  CAN  BE  DETECTED. 

Heat  produced  by  Respiration. — Respiration  is,  chemically  and 
physically  considered,  a  process  of  oxidation  or  combustion,  and,  like 
them,  is  accompanied  by  an  evolution  of  heat.  That  this  evolution 
of  heat  by  plants  is  not  perceptible  is  due  to  the  fact  that  considerable 
quantities  of  heat  are  rendered  latent  by  transpiration,  so  that 
transpiring  plants  are  usually  cooler  than  their  environment ;  and  also 
to  the  fact  that  plants  possess  very  large  radiating  surfaces  in  propor- 
tion to  their  L^ass.  The  spontaneous  evolution  of  heat  is  easily  shown 
experimentally,  if  transpiration  and  the  loss  of  heat  by  radiation  are 
prevented  and  vigorously  respiring  plants  are  selected.  Germinating 
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seeds  (Peas),  if  examined  in  large  quantities,  show  under  proper 
conditions  a  rise  in  temperature  of  2°  C.  The  greatest  spontaneous 
evolution  of  heat  manifested  by  plants  has  been  observed  in  the 
inflorescence  of  the  Araceae,  in  which  the  temperature  was  increased  by 
energetic  respiration  10°,  15°,  and  even  20°  0.  Also  in  the  large 
flower  of  the  Victoria  regia  temperature  variations  of  15°  C.  have  been 
shown  to  be  due  to  respiration.  One  gramme  of  the  spadix  substance 
of  an  Araceae  exhales,  in  one  hour,  up  to  30  cubic  centimetres  COg ; 


Fig.  192. — Experiment  to  show  the  direct  cornniuiiicatioii  of  the  external  atmosphere  with  the 
internal  tissues  of  plants.  The  glass  tube  R,  and  the  leaf  P,  are  fitted  air-tight  in  the  bottle  G  ; 
upon  withdrawal  of  the  air  in  the  bottle  by  suction  on  the  tube  R,  the  external  air  penetrates 
the  intercellular  spaces  of  the  leaf,  through  the  stomata,  and  escapes  in  the  form  of  small 
air-bubbles  from  the  cut  surface  of  the  leaf-petiole.    (From  Detmer's  Physiol.  Pract.) 

and  half  of  the  dry  substance  (the  reserved  sugar  and  starch)  may  be 
consumed  in  a  few  hours  as  the  result  of  such  vigorous  respirations. 

That  other  processes,  in  addition  to  respiration,  co-operate  in  the  production 
of  heat  is  apparent  from  the  fact  that  the  amount  of  heat  evolved  does  not  vary 
proportionally  to  the  carhonic  acid  exhaled.  The  high  temperature  (up  to  70°  C.) 
observable  in  germinating  Barley  does  not  result  from  respiration  alone,  but  is  due 
to  the  decomposing  activity  of  a  Fungus. 


The  Movement  of  Gases  within  the  Plant.  —  The  entrance  of 
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oxygen  into  the  plant  body  is  not  accompanied  by  any  respiratory 
movements,  as  in  the  case  of  animals ;  but  takes  place  solely  through 
diffusion.  Those  cells  which  are  in  direct  contact  with  the  air  or 
water  can  absorb  their  requisite  oxygen  directly ;  while  cells  in  the 
midst  of  tissues  are  dependent  upon  the  oxygen  which  can  diffuse 
through  the  surrounding  cells.  Such  a  diffusion  from  cell  to  cell 
would  not,  however,  be  adequate,  in  the  case  of  the  A^ast  cellular 
bodies  of  the  higher  plants,  to  provide  the  living  cells  of  the  interior 
with  a  sufhcient  supply  of  oxygen.  This  is  accomplished  by  means  of 
the  air-spaces,  which,  as  intercellular  passages,  penetrate  the  tissues 
in  all  directions  and  so  bring  to  the  protoplasm  of  the  inner  cells  the 
air  entering  through  the  STOMATA  and  lenticels  (p.  143).  That  the 
intercellular  spaces  were  in  direct  comnuinication  with  each  other 
and  also  with  the  outer  atmosphere,  was  rendered  highly  probable 
from  anatomical  investigation,  and  has  been  positively  demonstrated 
by  physiological  experiment.  It  is,  in  fact,  possible  to  show  that  air 
forced  by  moderate  pressure  into  the  intercellular  passages  makes 
its  escape  through  the  stomata  and  lenticels ;  and  conversely,  air 
which  could  enter  only  through  the  stomata  and  lenticels  can  be 
drawn  out  of  the  intercellular  passages.  The  method  of  conducting 
this  experiment  can  be  seen  from  the  adjoining  figure  (Fig.  192). 
Through  the  cork  of  the  bottle  {G),  which  is  partially  filled  with  Avater, 
a  glass  tube  {R)  and  a  leaf  (P)  are  inserted  ;  when  the  air  in  the  bottle 
{Q)  is  drawn  out  by  suction  through  the  glass  tube  (i?),  a  stream  of  air- 
bubbles  passes  out  through  the  intercellular  spaces  of  the  severed  leaf- 
stalk, and  is  maintained  by  the  air  entering  through  the  stomata  of 
the  leaf-lamina.  By  a  similar  experiment  it  can  also  be  shown  that 
in  corky  stems  the  communication  between  the  intercellular  spaces 
in  the  medullary  rays,  cortex,  and  wood  and  the  external  atmosphere 
is  maintained  through  the  lenticels.  The  movement  of  the  gases 
within  the  intercellular  spaces  is  due  partly  to  the  diffusion,  induced 
by  the  constant  interchange  of  gases  caused  hy  respiration,  assimila- 
tion, and  transpiration,  and  partly  to  their  own  instability,  arising 
chiefly  from  modifications  of  the  temperature,  pressure  and  moisture  of 
the  surrounding  atmosphere,  but  which  is  also  increased  by  the  move- 
ment of  the  plants  themselves,  through  the  action  of  the  wind. 

Intercellular  air-spaces  are  extensively  developed  in  water  and  marsh  plants, 
and  occupy  the  greater  part  of  the  plant  body.  The  submerged  portions  of  water- 
plants  unprovided  Avith  stomata  secure  a  special  internal  atmosphere  of  their 
own,  with  Avhicli  their  cells  maintain  an  active  exchange  of  gases.  This  internal 
atmosphere  is  in  turn  replenished  by  the  diffusion  taking  place  with  the  surround- 
ing atmosphere.  In  marsh-plants,  Avliich  stand  partly  in  the  air,  the  large  inter- 
cellular spaces  form  connecting  canals  through  which  the  atmospheric  oxygen, 
without  being  completely  exhausted,  can  reach  the  organs  grooving  deej)  in  the 
swampy  soil,  surrounded  by  marsh-gas  and  otherwise  cut  off  from  any  communica- 
tion Avith  the  atmosphere. 
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Phosphorescence. — The  same  conditions  which  accompany  respira- 
tion also  give  rise  to  the  production  of  light  or  phosphorescence  in  a 
limited  number  of  plants,  particularly  in  Fungi  and  Bacteria.  This 
phosphorescence  at  once  disappears  in  an  atmosphere  devoid  of  oxygen, 
only  to  reappear  on  the  admission  of  free  oxygen.  All  the  circum- 
stances which  facilitate  respiration  intensify  phosphorescence  ;  the 
converse  of  this  is  also  true.  According  to  the  residts  of  investigations 
concerning  the  phosphorescence  of  animals,  from  which  that  of  plants 
does  not  probably  differ  in  principle,  the  phosphorescence  is  not 
directly  dependent  upon  the  respiratory  processes,  but  is  due  to  the 
production  by  the  protoplasm  of  a  special  colloid  substance  in  the 
form  of  globules  or  granules,  which  give  out  light  when  undergoing 
crystallisation.  Ou  free  exposure  to  the  atmosphere,  and  under  proper 
conditions  of  moisture  and  temperature,  this  phosphorescent  substance, 
even  after  its  removal  from  the  living  organism,  is  still  capable  of 
giving  out  light  for  a  long  time. 

The  best  -  known  phosphorescent  plants  are  certain  forms  of 
Bacteria  which  develop  on  the  surface  of  fish  and  meat,  and  the 
mycelium,  formerly  described  as  "Rhizomorpha,"'  of  the  fungus  Agancus 
meUem.  As  further  examples  of  spontaneously  luminous  Fungi  may  be 
cited  Agaricus  olearius,  found  growing  at  the  foot  of  olive  trees  in 
South  Europe,  and  other  less  familiar  Agarics  {Ag.  igneus,  nodihians^ 
Gardner i,  etc.).  The  phosphorescence  of  decaying  wood  is  also,  without 
doubt,  due  to  the  growth  of  Fimgi  or  Bacteria.  Of  plants  taking 
part  in  the  phosphorescence  seen  in  water,  the  most  important  are 
Pyrocystis  nodiluoj.,  an  Alga,  and  the  spontaneously  luminous  Bacteria. 

The  so-called  phosphorescence  of  the  Moss,  ScJi  istostega,  and  of  some  Selaginellas 
and  Ferns,  has  nothing  in  common  with  actual  phosphorescence,  but  is  produced 
solely  by  the  reflection  of  the  daylight  from  pecuHarly  formed  cells  (Fig.  325  \ 
The  phosphorescence  observed  in  some  sea-weeds  results,  on  the  other  hand,  from 
the  fluorescence  and  opalescence  of  certain  of  their  albuminous  substances,  or  fi"om 
the  iridescence  of  their  cuticular  layers. 

IV.  Growth 

The  size  which  plants  may  attain  varies  enormously.  A  Mush- 
room seems  immeasurably  large  in  contrast  with  a  Mkrococcus,  but 
inexpressibly  small  if  compared  with  a  lofty  Californian  Sequoia.  A 
Bacillus  of  the  size  of  a  Mushroom,  or  a  Mould-Fimgus  of  the  height  of 
a  Sequoia,  ai'e,  with  their  given  organisation,  physiologically  as  incon- 
ceivable as  a  ^lushroom  with  the  minuteness  of  a  Micrococcus.  The 
size  of  an  organism  accordingly  is  an  expression  of  its  distinct  individu- 
ality, and  stands  in  the  closest  relation  to  structure  and  conditions  of 
life,  and  in  each  individual  varies  within  certain  narrow  limits. 

However  large  a  plant  may  be,  and  however  innumerable  the 
number  of  its  cells,  it  nevertheless  began  its  existence  as  a  single  cell, 
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microscopically  small  and  of  the  simplest  structure.  To  attain  its 
final  size  and  perfect  development  it  must  grow,  that  is,  it  must 
enlarge  its  body  and  undergo  differentiation.  Even  for  the  minute 
unicellular  bacteria  growth  is  essential,  as  they  multiply  chiefly  by 
cell  division.  Each  daughter  cell  must  grow  and  attain  the 
dimensions  of  the  parent  cell,  or  in  a  few  years  the  capacity  for 
existence  itself  will  be  lost  through  their  continually  decreasing  size. 
It  is  in  fact  impossible  to  conceive  of  a  plant  where  perfect  de- 
velopment is  not  the  result  of  growth.  If  a  growing  Oak  or  Cedar 
be  compared  Avith  the  single  spherical  egg -cell  from  which  it  has 
arisen,  it  is  at  once  clear  that  by  the  term  growth  we  mean  not 
only  an  increase  in  volume,  but  include  also  a  long  series  of 
various  developmental  stages,  and  external  and  internal  modi- 
fications. A  mere  increase  in  volume  does  not  necessarily  imply 
growth,  for  no  one  woidd  say  that  a  dried  and  shrivelled  turnip  grows 
when  it  swells  in  water.  On  the  contrary,  active  growth  may  be 
accompanied  by  a  considerable  loss  of  substance,  as  is  shown  hj  the 
sprouting  of  potatoes  kept  in  a  dark  cellar.  "Water  is  lost  through 
transpiration  as  well  as  organic  substance  through  respiration,  and  yet 
the  new  shoots  show  true  growth. 

In  the  lower  organisms  growth  is  exhibited  in  its  most  simple 
form.  In  an  Amoeba  or  a  Plasmodium  growth  is  simply  an  increase 
in  their  substance ;  in  a  unicellular  Alga  or  in  a  Fungus  it  means,  in 
addition  to  this,  an  enlargement  of  their  cell  walls.  In  the  higher 
plants  the  processes  of  growth  are  far  more  complicated  and  various,  so 
that,  according  to  Sachs,  four  chief  phases  of  growth  can  be  distin- 
guished, which,  however,  are  not  sharply  separated,  but  merge  imper- 
ceptibly one  into  the  other. 

1.  The  embryonic  phase,  or  the  first  origination  of  new  cells  or 
organs,  according  to  their  proper  position  and  number. 

2.  The  formative  phase,  or  the  continuance  of  the  embryonal 
development,  and  the  assumption  of  a  definite  form. 

3.  The  phase  of  elongation  of  the  already  formed  embryonal 
organs. 

4.  The  phase  of  internal  development  and  completion  of  the  tissues. 

The  Embryonal  Development  of  the  Organs 

Plants,  in  contrast  to  the  higher  animals,  continually  develop  new 
organs.  These  arise  either  from  tissues  retained  in  their  embryonic 
condition,  as  at  the  growing  point,  or  they  have  their  origin  in  regions 
which  have  already  more  or  less  completely  attained  their  definite 
form.  The  leaves  and  shoots  spring  directly  from  the  tissues  of  the 
growing  point ;  the  first  lateral  roots,  however,  make  their  appearance 
at  some  distance  from  the  growing  point,  where  a  perceptible  diftereu- 
tiation  of  the  tissues  has  already  taken  place. 
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Leafy  shoots  may  also  take  their  origin  from  old  and  fully- 
developed  tissues,  which  again  assume  an  embryonic  character,  accom- 
panied by  an  accumulation  of  protoplasm  and  renewed  activity  in  cell 
division.  But  as  this  only  occurs  in  exceptional  cases,  shoots  which 
thus  arise  out  of  their  regular  order  are  termed  ADVENTITIOUS. 

The  manner  of  the  Formation  of  New  Organs  at  the  Growing- 
Point  has  already  been  described  (p.  1^9).  It  is  only  necessary  here 
to  again  call  attention  to  the  fact  that  the  young  organs  develop  in 
acropetal  succession,  so  that  the  youngest  is  always  nearest  the  apex. 
This  is,  in  fact,  the  most  natural  method  in  consideration  of  the  apical 
growth  of  the  axes.  In  spite  of  that,  however,  special  cases  are 
known  in  which  the  young  organs  arise  at  some  distance  from  the 
growing  point,  and  between  older  organs  (in  the  inflorescence  of 
Typha).  The  point  from  which  new  organs  arise,  and  the  number 
which  develop,  are  chiefly  dependent  upon  inherited  internal  disposi- 
tion. Although  external  conditions  exert  in  this  respect  but  small 
influence,  it  has  been  recognised  that  the  available  space,  and  the 
subsequent  pressure  of  the  older  organs  of  the  vegetative  cone,  as 
weU  as  the  torsion  of  the  axis,  operate  in  determining  the  ultimate 
position  of  new  organs  on  the  parent  axis.  The  influence  of  other 
factors,  light,  gravity,  chemical  and  mechanical  stimuli,  which  at  certain 
times  in  the  later  life  of  the  tissues  are  of  extreme  importance,  have 
usually  but  little  efi"ect  on  the  embryonal  development.  Yet,  on 
the  other  hand,  the  position  of  the  first  division  wall  of  the  ger- 
minating spore  of  Marsilia  is  determined  by  the  action  of  gravity, 
and  the  direction  of  the  first  wall  (as  well  as  of  the  preceding  nuclear 
division)  in  the  spore  of  Equisefum  is  determined  by  its  relative  position 
to  the  light. 

In  Adventitious  Formations,  on  the  contrary,  the  influence  of 
external  forces  is  often  very  evident,  as,  for  example,  in  the  formation 
of  climbing-roots,  which  in  the  Ivy  and  other  root-climbers  are  de- 
veloped only  on  the  shaded  side  of  the  stem.  In  the  Alga  Caiderpa 
the  new  leaf-like  organs  arise  only  on  the  illuminated  side  of  the  parent 
organ.  It  is,  on  the  other  hand,  the  force  of  gravity  which  excites 
the  formation  of  roots  on  the  under  side  of  underground  rhizomes.  It 
is  also  due  to  gravity  that  the  growing  points  of  shoots  are  formed  only 
from  the  upper  side  of  the  tubers  of  Thiadiantha  dubia,  or  that  new 
twigs  develop,  for  the  most  part,  from  the  upper  side  of  the  obliquely 
growing  branches  of  trees.  Contact  stimuli,  on  the  other  hand, 
determine  the  primary  inception  and  point  of  development  of  the 
haustoria  of  Cuscuta  (p.  208).  The  sexual  organs  of  Fern  prothallia 
are  always  developed  on  the  side  away  from  the  light ;  that  is,  in 
normal  conditions  on  the  under  side,  but  in  case  of  artificial  illumina- 
tion on  the -upper  side. 

As  a  result  of  one-sided  illumination  and  the  stimidus  of  gravity^ 
together  with  the  favouring  influence  of  moisture,  the  rhizoids  spring 
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only  from  the  under  side  of  the  gemma?  of  Marchantia,  so  that 
eventually  the  two  originally  similar  sides  assume  an  altogether 
different  anatomical  structure. 

Many  adventitious  formations  are  tlie  result  of  definite  external  causes  ;  as,  for 
example,  the  galls  induced  by  the  stings  of  insects  and  the  deposits  of  animal 
eggs  and  larvpe  (cf.  p,  155). 

The  development  of  adventitious  formations  is  especially  induced  by 
MUTILATION  of  plants.  N'E^Y  FORMATIONS  are  in  this  manner  produced 
at  points  from  which  they  would  never  have  arisen  on  the  uninjured 
plants.  In  the  case  of  Pelargoniums,  Oleanders,  Willows,  and  many 
other  plants,  it  is  possible  to  induce  the  formation  of  roots  wherever 
the  shoots  are  cut.  In  other  plants,  however,  there  seem  to  be  certain 
preferred  places,  such  as  the  older  nodes,  from  which,  under  the  same 
circumstances,  roots  develop.  In  like  manner  new  shoots  will  appear 
in  the  place  of  others  that  have  been  removed.    In  the  development 

OF  NEW  FORMATIONS  ON  A  MUTILATED  PLANT  THOSE  VERY  ORGANS 
ARISE,    OR    PREFERABLY    ARISE,    OF    WHICH    THE    PLANT    HAS  BEEN 

DEPRIVED.  Rootless  shoots  develop  first  of  all  new  roots.  Roots  and 
root- stocks  deprived  of  their  shoots  form  first  new  shoots.  In  these 
processes  there  is  manifested  an  internal  reciprocity  in  the  formative 
growth  of  organs,  which  has  been  termed  the  correlation  of  growth. 

Correlation  of  growth  is  often,  also,  very  apparent  in  the  normal  development 
of  the  organs  of  uninjured  plants.  It  is  due  to  this  that  scales  of  buds  are  developed 
in  their  special  form  rather  than  as  foliage  leaves.  For,  as  Goebel  showed,  it  is 
possible  by  artificial  means,  as,  for  example,  by  the  timely  removal  of  the  leaves  of 
the  parent  shoot  of  Aesndus,  Acer,  Syringa,  Qucrcus,  or  in  the  case  of  Primus 
Padus,  by  cutting  off  the  upper  extremity  of  the  shoots,  to  induce  the  formation  of 
normal  foliage  leaves  in  the  place  of  the  scales.  The  vigorous  growth  which 
ensues  in  the  fruit  and  in  the  fruit-coverings  after  fertilisation  and  development 
of  the  embryo  in  the  ovule,  affords  another  example  of  correlation ;  for,  in 
case  no  fertilisation  of  the  egg-cell  occurs,  all  those  changes  which  produce  a  ripe 
fruit  from  the  flower  do  not  take  place  ;  and,  instead,  another  correlative  process 
is  manifested  by  Avhich  the  now  useless  organs  are  discarded.  Certain  plants, 
especially  those  modified  by  cultivation,  form  an  exception  to  this  :  in  many  varieties 
of  banana,  in  the  seedless  mandarin,  and  in  the  variety  of  raisins  known  as  sultana, 
etc.,  although  no  seeds  capable  of  germination  are  produced,  the  formation  of  a 
so-called  fruit  is  nevertheless  continued.  Even  in  these  instances  it  is  essential 
for  the  formation  of  fruit  that  there  shall  have  occurred  a  previous  pollination  of  the 
stigma,  or  the  fertilisation  of  the  ovules,  which,  however,  do  not  mature.  In  some 
few  exceptional  cases,  however,  as  in  the  Fig,  even  this  impetus  to  fruit  formation 
is  not  necessary.  The  manner  of  the  formation  of  conducting  tissues  in  plants, 
and  also  their  anatomical  development,  are  regulated  by  correlation.  From  these 
few  instances  it  may  be  seen  how  the  principle  of  correlation  affects  the  most 
various  of  the  vital  processes,  even  under  normal  conditions,  and  how  the  har- 
monious development  and  function  of  the  single  members  of  the  plant  body  are 
controlled  by  it. 

The  polarity  manifested  by  plants  should  also  be  considered  as  a  special  example 
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of  the  coiTelation  existing  between  the  ditferent  i>drts  of  the  lAam  body.  This 
jwlarity  is  particularly  apparent  in  stems  and  roots,  and  finds  its  expression  in  the 
tendency  of  every  small  piece  of  a  stem  to  develop  new  shoots  from  that  end  which 
was  nearer  the  stem  apex,  while  the  roots  take  their  rise  from  the  other  end. 
Pieces  of  roots  in  like  manner  send  out  roots  from  the  end  originally  nearer  their 
apex,  and  shoots  from  the  end  towards  the  stem. 

In  accordance  with  this  j^rineiple,  detached  pieces  of  stems  produce  new  shoots 
from  their  *•  shoot-pole,"  and  injured  roots  new  roots  from  their  root -pole." 
This  polarity,  particulai-ly  investigated  by  Vochtixg  and  Sachs,  makes  itself 
apparent  in  even  the  smallest  pieces  of  stems  or  roots,  and  may,  in  this  respect,  be 
compared  to  the  magnetic  iwlarity  exhibited  by  every  small  piece  of  a  magnet. 
Unlike  poles  of  a  plant  may  readily  be  induced  to  grow  together,  while  like 
ix)les  may  only  be  brought  to  do  so  with  difficulty,  and  then  do  not  develop 
vigorously.  As  a  result  of  such  experiments,  a  radial  polarity  has  also  been 
recognised  by  Vochting  in  stem  and  root  tissue  :  thus,  for  instance,-  pieces  of 
a  stem  or  root,  inserted  in  a  lateral  incision  of  a  similar  organ,  become  united 
^vith  it,  if  they  are  so  placed  that  the  side  originally  outermost  occupies  the 
same  relative  position  in  the  new  organ,  but  if  this  position  is  altered  no  such 
union  takes  place.  Leaves  take,  in  respect  to  polarity,  a  special  jx)sition,  for  they 
are  not  organically  included  within  new  formations  derived  from  them.  Thus, 
from  the  basal  end  of  a  leaf,  an  entire  plant,  with  roots,  stem,  and  leaves,  may 
arise,  while  the  regenerative  leaf  itself  gradually  dies.  It  is  of  especial  interest  to 
observe  the  effect  of  external  influences  upon  the  position  of  new  formations,  when 
they  come  into  opposition  to  the  internal  disposition  of  the  plants  themselves.  In 
this  respect,  the  behaviour  of  difterent  species  varies  greatly.  In  one,  the  internal 
factors  predominate,  that  is,  the  new  formations  appear  quite  independently  of 
external  conditions  ;  in  another,  the  external  influences  of  the  moment  prevail ; 
but  the  internal  disposition  of  the  plant,  when  thus  constrained  for  the  time  being, 
ultimately  makes  itself  apparent  and  the  new  formations  never  develop  vigorously. 
A  willow  twig,  planted  in  a  reversed  position,  with  the  shoot-i>ole  in  the  ground, 
will  produce  roots,  and  from  the  root-pole  may  even  produce  shoots.  These,  how- 
ever, usually  soon  die  and  theii"  place  is  supplied  by  other  stronger  shoots  arising 
from  the  shoot  axis  just  above  the  roots.  It  is  only  by  the  most  careful  suppression 
of  any  such  developments  that  the  shoots  from  the  root-poles  may  be  kept  alive. 
In  so-called  ''  creeping  "  trees,  the  formation  of  side  branches  from  the  upper  side 
of  the  hanging  branches  is  favoured  by  external  conditions,  but  the  internal 
polarity  prevents  theii-  vigorous  development,  and  those  formed  soon  die.  In  the 
cultivation  of  grapes  and  fruit-trees  this  peculiarity  is  utilised  to  produce  short- 
lived, fruit-producing  shoots  by  bending  over  the  vines  or  ti'aining  the  branches  of 
the  trees  in  the  cultivation  of  wall  fruits.  On  the  other  hand,  in  some  cases  the 
internal  polarity  is  easily  overcome  by  external  influences.  It  is  sometimes  suffi- 
cient merely  to  reverse  the  erect  thallus  of  Brffopsis,  one  of  the  Siphoneae,  to  con- 
vert the  foiTuer  apical  portion  into  a  root-like  tube  which  penetrates  the  substratum 
and  fastens  itself  to  the  grains  of  sand.  It  has  also  been  positively  determined, 
although  otherwise  such  cases  ai-e  unknown  among  the  higher  plants,  that  the 
growing  points  of  the  roots  of  Xeottia  and  of  certain  Ferns  (Flati/cerium,  Aspleniuia 
cscuUntum)  may  be  converted  through  some  inherent  tendency  into  the  vegetative 
cone  of  a  stem. 

The  correlation  phenomena  manifested  in  the  formation  of  new  organs  have  the 
greatest  practical  importance,  for  the  propagation  of  plants  by  cuttings  or  grafting 
is  based  upon  them. 
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111  artificial  reproduction  detached  pieces  of  plants  are  made  use  of  for  the 
purpose  of  producing  a  fresli  complete  plant.  In  many  cases  this  is  easily  done, 
but  in  others  it  is  more  difficult,  or  even  impossible.  The  favourite  and  easiest 
method  is  by  means  of  cuttings,  that  is,  the  j)lanting  of  cut  branches  in  water,  sand, 
or  earth,  in  which  they  take  root  (Pelargonia,  Tradescantias,  Fuchsias,  Willows,  etc.). 
Many  plants  may  be  propagated  from  even  a  single  leaf  or  portion  of  a  leaf,  as,  for 
instance,  is  usually  the  case  Avith  Begonias.  The  young  plants  spring  from  the  end 
of  the  leaf-stalk,  or  from  its  point  of  union  with  the  leaf-blade,  or  from  the  ribs, 
particularly  when  they  are  artificially  broken  or  incised.  In  other  cases  the  leaves, 
while  still  on  the  parent  plant,  have  the  power  to  produce  adventitious  buds,  and. 


Fig.  193.— Different  modes  of  grafting    I,  Crown  grafting  ;  II,  splice  grafting  ;  III,  bud  grafting  ; 

W,  stock  ;  E,  scion. 

in  this  way,  give  rise  to  new  plants  (see  Vegetative  Reproduction,  p.  279).  Even 
from  roots  or  pieces  of  roots  it  is  also  possible  to  propagate  some  few  plants.  An 
example  of  this  is  afforded  by  Iiiecacuanha,  whose  roots  are  cut  in  pieces  and  then 
sown  like  seeds.  The  Dandelion  possesses  the  same  capability  of  developing  from 
small  portions  of  the  root,  and  to  this  peculiarity  is  due  the  difficulty  with  which 
it  is  destroyed. 

In  grafting  or  budding,  cuttings  from  one  plant  are  inserted  in  another,  so  that 
they  grow  together  to  form  physiologically  one  plant.  The  union  is  accomplished 
by  means  of  a  callus  {\).  144),  formed  by  both  the  scion  and  the  adopted  stock. 
Vessels  and  sieve-tubes  afterwards  develop  in  the  callus,  and  so  join  together  the 
similarly  functioning  elements  of  both  parts.  Such  an  organic  union  is  only 
possible  between  very  nearly  related  plants,  thus,  for  example,  of  the  Amygdalaceae, 
the  Plum,  Peach,  Almond,  Apricot,  may  readily  be  grafted  one  upon  the  other,  or 
of  the  Fomaccac,  the  Apple  with  the  Quince  ;  but  not  the  Ajiple  with  the  Plum. 
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In  spite  of  the  apparent  physiological  union  between  the  old  stock  and  the 
newly- formed  growth,  from  a  morphological  standpoint  they  lead  an  altogether 
separate  and  distinct  existence.  In  its  structural  character,  forms  of  tissues, 
mode  of  secondary  growth,  formation  of  bark,  etc.,  each  maintains  its  own  individu- 
ality. In  special  cases  it  has  been  affirmed  that  they  do  mutually  exert,  morpho- 
logically, a  modifying  effect  upon  each  other  (Graft-hybrids).  In  practice  several 
different  methods  of  inserting  cuttings  are  in  use,  but  only  the  more  important 
can  be  mentioned  here. 

Grafting  is  the  union  of  a  shoot  with  a  young  and  approximately  equally- 
developed  wild  stock.  Both  are  cut  obliquely  with  a  clean  surface,  placed 
together,  and  the  junction  protected  from  the  entrance  of  water  and  fungi  by 
means  of  grafting  wax. 

Cleft  or  tongue  grafting  is  the  insertion  of  weaker  shoots  in  a  strongei 
stock.  Several  shoots  are  usually  placed  in  the  cut  stem  of  the  stock,  care  being 
taken  that  the  cambial  region  of  the  different  portions  are  in  contact,  that  the 
cortex  of  the  shoots  is  in  contact  with  that  of  the  stock.  In  other  methods  of 
grafting  the  cut  end  of  the  shoot  is  split  longitudinally  and  the  cut  shoot  inserted 
in  the  periphery,  or  a  graft  may  be  inserted  in  the  cortex  or  in  the  side  of  the 
stock.  In  grafting  in  the  cortex  the  flatly-cut  shoot  is  inserted  in  the  space  cut 
between  the  bark  and  the  splint  wood  (Fig.  193,  I). 

In  lateral  grafting,  the  shoot,  after  being  cut  down,  is  wedged  into  a  lateral 
incision  in  the  stock. 

A  special  kind  of  grafting  is  known  as  budding  (Fig.  193,  ///).  In  this 
process  a  bud  ("eye")  and  not  a  twig"  is  inserted  under  the  bark  of  the  stock. 
The  "eye"  is  left  attached  to  a  shield -shaped  piece  of  bark,  which  is  easily 
separated  from  the  wood  when  the  plants  contain  sap.  The  bark  of  the  stock  is 
opened  by  a  T-shaped  cut,  the  "eye"  inserted,  and  the  whole  tightly  covered. 
Occasionally  some  of  the  wood  may  be  detached  with  the  shield -shaped  piece  of 
bark  (budding  with  a  woody  shield).  In  the  case  of  sprouting  buds,  the  budding 
is  made  in  spring  ;  in  dormant  buds,  which  will  sprout  next  year,  in  summer. 
Budding  is  especially  used  for  roses  and  fruit-trees. 

The  Phase  of  Elongation 

For  the  performance  of  their  proper  functions,  the  embryonic 
rudiments  of  the  organs  must  complete  their  external  development. 
They  must  unfold  and  enlarge.  This  subsequent  enlargement  of  the 
embryonic  organs  of  plants  is  accomplished  in  a  peculiar  and 
economical  manner.  While  the  organs  of  animals  increase  in  size 
only  by  a  corresponding  increase  of  organic  constructive  material  and 
by  the  formation  of  new  cells  rich  in  protoplasm,  and  thus  require  for 
their  growth  large  supplies  of  food  substance,  plants  attain  the  chief 
part  of  their  enlargement  by  the  absorption  of  water — that  is,  by  the 
incorporation  of  an  inorganic  substance  which  is  most  abundantly 
supplied  to  them  from  without,  and  to  obtain  which  no  internal 
nutritive  processes  are  first  necessary.  The  elongation  of  a  plant 
organ  to  its  definite  extension,  whereby  it  is  often  enlarged  a  hundred 
or  thousand  fold,  may  be  compared  with  the  extension  of  certain  animal 
organs  by  means  of  an  influx  of  water,  as  occurs  in  the  case  of  the 
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Coelenterata  or  Echinodermata.  When  an  ambulacral  foot  of  a  star- 
fish or  a  sea-urchin  is  lengthened  from  a  millimetre  to  several  centi- 
metres by  filling  with  water  from  the  water-vascular  system,  the  water 
has  in  this  instance  the  same  biological  significance  as  in  the  elongation 
of  the  plant  organs,  except  that  in  the  latter  case  the  process  is  not  of 
repeated  occurrence. 

The  great  advantage  resulting  from  this  easy  method  of  enlarge- 
ment is  apparent  from  a  consideration  of  the  importance  of  a  large 
external  surface  for  the  nutrition  of  a  plant.  Assimilation  is  just  so 
much  the  more  productive,  the  larger  the  exposure  of  green  surface, 
and  the  more  accessible  it  is  to  the  surrounding  carbonic  acid.  In 
like  manner,  the  superficial  enlargement  is  exceedingly  advantageous 
as  regards  the  absorption  of  nourishment  from  the  soil.  It  is  accord- 
ingly of  great  economic  value  biologically  that  the  growth  through 
elongation  is  accomplished  chiefly  by  the  absorption  of  water. 

The  absorption  of  water  by  living  cells  does  not  take  place  with  the  same 
rapidity  and  without  interruption  as  in  the  case  of  porous  bodies.  Before  the  cells 
can  take  up  additional  water  they  must  enlarge  by  actual  processes  of  growth. 
The  water,  penetrating  the  young  cells  by  imbibition  or  by  the  force  of  osmotic 
pressure,  is  uniformly  distributed  through  the  protoplasm,  which  fills  the  cell ; 
in  case  the  protoplasm  is  already  abundantly  supplied  with  water,  it  is  instead 
accumulated  in  vacuoles  (Fig.  50).  As  the  vacuoles  contain  also  organic  and 
inorganic  matter  in  solution,  they  exert  an  attractive  force  and  give  rise  to  further 
absorption  of  water.  The  sap  of  the  vacuoles  would,  in  turn,  soon  be  diluted  and 
its  attractive  force  diminished,  were  it  not  that  the  regulative  activity  of  the  proto- 
plasm soon  provides  for  a  corresponding  increase  of  the  dissolved  salts,  so  that  the 
concentration  and  attractive  force  of  the  sap  are  continually  being  restored  or  even 
increased.  The  separate  vacuoles  thus  enlarged  ultimately  flow  together  into  one 
large  sap-cavity  in  the  middle  of  the  cell,  while  the  protoplasm  forms  only  a  com- 
paratively thin  layer  on  the  cell  walls,  which  now  exhibit  considerable  surface- 
growth. 

During  this  increase  in  the  volume  of  the  cell,  the  protoplasm  has 
experienced  but  little  augmentation  of  its  substance,  or  other  modifica- 
tion. The  enlargement  of  the  cell  has  been  almost  wholly  produced 
by  the  increased  volume  of  water  in  the  sap  cavity,  which,  to  dis- 
tinguish it  from  the  "nutrient  water,"  "imbibition  water,"  and 
"constitution  water"  of  the  plant,  may  be  designated  " inflation  water." 

As  is  often  observed  with  the  occurrence  of  many  vital  phenomena, 
the  rate  of  distension  of  the  walls  with  the  inflation  water  is  not 
uniform,  but  begins  slowly,  increases  to  a  maximum  rapidity, 

AND   THEN   GRADUALLY   DIMINISHING  ALTOGETHER   CEASES.       As  all 

the  cells  of  equal  age  in  an  organ  go  through  this  process  of  inflation 
at  the  same  time,  the  phenomena  of  increase  and  decrease  in  the  rate 
of  growth  are  apparent  in  the  growth  of  the  organ,  and  give  rise  to 
GRAND  PERIODS  OF  GROWTH.  Minor  periods,  or  fluctuations  in  the 
rate  of  growth,  occurring  within  the  grand  periods,  are  due  to  irregu- 
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larities  in  the  swelling  of  the  cells,  occasioned  by  change  of  temperature, 
light  and  other  influences  operative  on  growth. 

The  large  amount  of  Avater  absorbed  by  the  growing  organ  in  the  process  of 
elongation  does  not  lessen  its  rigidity,  but,  on  the  contrary,  it  is  to  the  turgor 
thus  maintained  that  the  rigidity  is  due  {ef.  p.  165).  Osmotic  pressure  seems 
also  to  take  an  important  part  in  the  growth  of  the  cell  wall  itself.  Cells  in  which 
the  turgor  is  destroyed  by  a  decrease  in  the  water-supply  exhibit  no  growth  of 
their  cell  walls  ;  it  is  thus  evident  that  the  distension  of  the  cell  walls  is  physically 
essentia]  for  their  surface-growtli.  This  distension  is  in  itself,  however,  by  no 
means  the  cause  of  their  growth  ;  the  internal  physiological  conditions  of  the 
growth  of  the  cell  walls  are  dependent  upon  the  vital  activity  of  the  living  proto- 
plasm. Without  the  concurrent  action  of  the  protoplasm,  there  is  no  growth  in 
even  the  most  distended  cell  wall ;  on  the  contrary,  active  growth  of  the  cell  wall 
may  take  place  with  the  existence  of  only  a  small  degree  of  turgor  tension.  A 

CORRESrOXDEXCE  BETWEEN  THE  TURGOR  TENSION  OF  THE  CELL  WALLS  AND  THE 
AMOUNT  OF  GROWTH  CANNOT,  UNDER  THESE  CONDITIONS,  BE  EXPECTED,  UOr  Can,  OU 

the  other  hand,  the  conclusion  be  draAvn  that  turgor  tension  is  inoperative  in  the 
processes  of  growth.  The  importance  of  the  turgor  tension  is  variously  estimated, 
according  to  the  conception  of  the  manner  in  which  the  growth  in  substance  of  the 
cell  Avails  takes  place.  There  have  been  for  some  time  two  conflicting  theories  in 
regard  to  this.  According  to  one,  the  growth  of  the  cell  wall  is  due  to  the  inter- 
l)olation  of  new  particles  of  constructive  material  between  the  already  existing 
particles  of  the  cell -wall  substance  (ixtussusceptiox)  ;  in  the  other  theory,  the 
assumption  of  the  interpolation  of  new  particles  is  disputed,  and  growth  in  surface 
is  attributed  to  the  plastic  (inelastic,  not  resuming  its  original  position)  expansion 
of  the  distended  cell  wall.  As  in  this  case  the  growing  membrane  would  continu- 
ally become  thinner,  its  growth  in  thickness  results  from  the  repeated  deposition 
of  new  layers  (appositiox)  of  substance  on  the  internal  surface  of  the  original  wall. 
It  is,  however,  a  question  of  purely  theoretical  interest,  by  which  of  the  methods 
the  growth  of  the  cell  membrane  is  eftected  in  particular  cases.  While,  in  general, 
neither  of  these  vicAvs  is  inconsistent  Avitli  the  external  phenomena  of  groAvth,  in 
some  special  cases  intussusception,  and  in  others  apposition,  seems  to  oft'er  the 
more  satisfactory  explanation.  It  is,  in  fact,  not  improbable  that  the  groavth  of 
THE  cell  WALLS  IS  DUE  TO  BOTH  PROCESSES.  It  is  evident  that  at  least  some  degree 
of  turgor  tension  is  necessary  for  the  existence  of  this  form  of  expansion.  To  support 
the  theory  of  intussusception  it  has  also  been  found  necessary  to  suppose  that  the 
ncAv  particles  are  not  interpolated  until  the  spaces  betAveen  the  particles  of  the 
cell-AA'all  substance  has  been  enlarged  by  the  distension  of  the  Avail  itself. 

The  process  of  elongation  has  so  far  been  considered  only  in 
relation  to  the  single  cell,  preparatory  to  the  consideration  of  the 
phenomena  presented  by  the  growth  of  multicellular  organs. 

The  operations  of  growth  in  plant  organs  proceed  very  slowly ;  so 
slowly  as  to  be,  in  general,  imperceptible.  The  stamens,  however,  of 
many  Gh'amineae  grow  so  rapidly  that  their  elongation  is  evident,  even 
to  the  naked  eye.  An  increase  in  length  of  1"8  mm.  a  minute  has 
been  observed  in  the  stamens  of  Triticum  (Wheat).  This  approximately 
corresponds  to  the  rate  of  movement  of  the  minute-hand  of  a  watch. 
In  comparison  Avith  it,  the  next  known  most  rapidly  growing  organ 
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is  the  leaf-sheath  of  the  Banana,  which  shows  an  elongation  of  1*1  mm., 
and  a  Bamboo  shoot,  an  increase  in  length  of  0'6  mm.  per  minute  ; 
while  most  other  plants,  even  under  favourable  circumstances,  attain  but 
a  small  rate  of  elongation  (0'005  mm.  and  less  per  minute). 

In  order  to  measure  the  growfh  in  length  of  a  plant,  it  is  customary  to 
magnify  in  some  way  the  actual  elongation  for  more  convenient  observation.  This 
may  be  effected  by  means  of  a  microscope,  which  magnifies  the  rate  of  growth 
correspondingly  with  the  distance  grown.  With  a  high  magnifying  power  the 
growing  apex  of  a  Fungus  hypha  seems  to  advance  across  the  field  of  vision  as  if 
impelled  by  an  invisible  power.  For  large  objects,  the  most  convenient  and  usual 
method  of  determining  the  rate  of  growth  is  by  means  of  an  auxanometer.  The 
principle  of  all  auxanometers,  however  they  may  differ  in  construction,  is  the  same. 


Fig.  194.— Simple  and  self-registering  auxanometer.    For  description  see  text. 


and  is  based  upon  the  magnification  of  the  rate  of  growth  by  means  of  a  lever  with 
a  long  and  short  arm.  In  Fig.  194,  at  the  left,  a  simple  form  of  auxanometer  is 
shown.  The  thread  fastened  to  the  top  of  the  plant  to  be  observed  is  passed  over 
the  movable  pulley  (r),  and  held  taut  by  the  weight  (g),  which  should  not  be  so 
heavy  as  to  exert  any  strain  on  the  plant.  To  the  pulley  there  is  attached  a 
slender  pointer  (Z),  which  is  twenty  times  as  long  as  the  radius  of  the  pulley,  and 
this  indicates  on  the  scale  (S)  the  rapidity  of  the  growth,  magnified  twenty-fold. 
By  a  growth  in  the  length  of  the  plant-stem  of  i  mm.,  the  pointer  would  accord- 
ingly register  4  mm. 

Self- registering  auxanometers  are  also  used,  especially  in  making  extended 
observations.  In  Fig.  194,  at  tlie  right,  is  shown  one  of  simple  construction.  The 
radius  of  the  wheel  (E)  corresponds  to  the  long  arm,  and  the  radius  of  the  small 
wheel  (r)  to  the  short  arm  of  the  lever,  in  the  preceding  apparatus.  Any  movement 
of  the  wheel,  induced  by  the  elongation  of  the  shoot,  and  the  consequent  descent  of 
the  weight  {G),  is  recorded  on  the  revolving  drum  (C)  by  the  pointer  attached  to  the 
weight  {Z),  which  is,  in  turn,  balanced  by  the  counterweight  ( TV).    The  drum  is 
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covered  with  smoked  paper,  and  kept  in  rotation  by  the  clock-work  {U).  If  the 
drum  is  set  so  that  it  rotates  on  its  axis  once  every  hour,  the  perpendicular 
distances  between  the  tracings  on  the  drum  will  indicate  the  proportional  hourly 
growth. 

The  grand  periods  in  the  growth  of  an  organ,  due  to  the  internal  causes,  are  clearly 
shown  by  such  self-registering  auxanometers  by  the  gradual  increase  and  final  de- 
crease in  the  perpendicular  distances,  represent- 
ing the  increment  of  giwth.  Strehl  found  the 
daily  growth  in  length  of  a  root  of  Lupine,  ex- 
pressed in  tenths  of  millimetres,  to  be :  58,  70,  92, 
97,  165, 192,  158,  137,  122,  83,  91,  59,  25,  25,  8,  2, 
o.  For  the  first  internode  of  the  stem,  growing 
in  the  dark,  the  daily  growth  observed  was  :  8, 
9,  II,  12,  35,  43,  41,  50,  51,  52,  65,  54,  43,  37,  28, 
18,  6,  2,  o. 

The  grand  periods  of  growth,  that  is,  the 
gradual  increase  from  nil  to  a  maximum,  and 
the  succeeding  decrease  to  nil  again,  are,  how- 
ever, not  evident  throughout  the  whole  of  a 
root  ;  during  the  growth  in  length  only  a  small 
portion  of  a  root  is  actually,  at  one  time,  in 
process  of  elongation.  In  roots  of  land-plants 
the  growing  region  extends  over  only  about  one 
centimetre  of  the  extreme  tip,  often  indeed 
over  only  ^  centimetre  ;  while  all  the  rest  of  the 
root  has  already  completed  its  growth  in  length. 
This  may  be  made  clear  by  marking  off  with 
india-ink,  near  the  tip  of  a  root,  narrow  zones 
of  equal  width,  which  would  thus  also  be  made 
up  of  cells  of  nearly  equal  size.  In  Fig.  195,  /, 
is  shown  a  germinating  Bean,  Vicia  Faba,  whose 
root -tip  has  been  marked  in  this  way;  Fig. 
195,  //,  represents  the  same  root  after  22  hours 
of  growth.  The  marks  have  become  separated 
by  the  elongation  of  the  diS"erent  zones,  but  in 
different  degrees,  according  to  their  position. 
The  greatest  elongation  is  shown  by  the  trans- 
verse zone  3  ;  from  there  the  growth  in  length 
decreases  towards  the  younger  zones  (2  and  1), 
as  well  as  towards  the  older  (4  to  10).  This 
peculiar  distribution  of  growth  is  but  the  result 

of  the  grand  periods  of  growth  of  the  cells  in  zones  of  different  ages.    In  the 
millimetre-broad  zones  of  a  root  of  Vicia  Faba  Sachs  found,  after  twenty-four  hours, 
that  the  increase  in  growth,  expressed  in  tenth-millimetres,  was  as  follows  : — 
Zones:  L,  IL,  IIL,  lY.,  Y.,  YL,  YIL,  YIIL,  IX.,  X.,  XL 
Increase :  15,  58,   82,    35,    16,  13,     5,        3,      2,     i,  o. 
The  elongating  region  in  shoot  axes  is  generally  much  longer  than  in  roots, 
and  usually  extends  over  several  centimetres,  in  special  cases  even  over  50  or 
more  centimetres.    The  distribution  of  the  increase  corresponds  in  stems,  as  in 
roots,  with  the  grand  periods  of  growth  of  the  cells.  Even  by  ixtercalaey  geow^th, 
where  the  region  of  elongation  is  not  confined  to  the  apex  but  occurs  in  any  part  of 


Fig.  195.— Unequal  growth  of  different 
regions  of  the  root-tip  of  Vicia  Faba. 
I,  The  root-tip  divided  by  marking 
■with  india-ink  into  10  zones,  each 
1  mm.  long.  II,  The  same  root  after 
twenty-two  hours  ;  by  the  unequal 
growth  of  the  different  zones  the 
lines  have  become  separated  by 
unequal  distances.   (After  Sachs.) 
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the  organ,  generally  at  its  base  (leaves  and  flower-stalks  of  many  Monocotyledons), 
grand  periods  of  growth  are  also  apparent.  A  shoot  of  Phascolus  multifiorus 
which  was  divided,  from  the  tip  downwards,  into  transverse  zones  3  "5  mm.  broad, 
showed  in  forty  hours,  according  to  Sachs, 

in  zones:  I.,  II.,  III.,  IV.,  Y.,  YL,  YIL,  YIII.,  IX.,  X.,  XL,  XII. 
an  increase  of  20,  25,  45,    65,    55,   30,    18,      lo,     lo,     5,    5,  5 
tenth-millimetres. 

This  periodicity  in  the  growth  in  length  occurs  even  when  the  external  influences 
affecting  growth  remain  unchanged,  and  is  determined  by  internal  causes  alone. 

External  Influences  upon  Growth. — External  factors  often  take 
an  active  part  in  the  process  of  elongation,  either  as  retarding  or 
accelerating  influences.  As  growth  is  itself  a  vital  action,  it  is  affected 
by  any  stimulus  acting  upon  the  protoplasm ;  on  the  other  hand,  as  it 
is  also  a  physical  function,  it  is  modified  by  purely  physical  influences. 
Growth  is  particularly  dependent  upon  temperature,  light,  moisture,  the 
supply  of  oxygen,  and  the  existence  of  internal  pressure  and  tension. 

The  INFLUENCE  OF  TEMPERATURE  is  manifested  by  the  complete 
cessation  of  growth  at  a  temperature  less  than  0°  or  higher  than 
40"-50°.  Between  the  minimum  and  maximum  temperatures,  at  which 
growth  ceases,  there  lies  an  optimum  temperature  (p.  163),  at  which 
the  rate  of  growth  is  greatest.  This  optimum  temperature  usually  lies 
between  22°  and  37°  C.  The  three  caPvDINAL  points  of  tempera- 
ture here  given  include  a  wide  range,  as  they  vary  for  different 
species  and  even  for  individual  plants  of  the  same  species.  In  tropical 
plants  the  minimum  temperature  may  be  as  high  as  +  10°C.,  while 
those  of  higher  latitudes,  where  the  first  plants  of  spring  often  grow 
through  a  covering  of  snow,  as  well  as  those  of  the  higher  Alps  and 
polar  regions,  grow  vigorously  at  a  temperature  but  little  above  zero. 
In  like  manner,  the  optimum  and  maximum  temperatures  show  great 
variation  in  different  species  of  plants.  The  optimum  does  not  usually 
lie  in  the  middle  between  the  minimum  and  maximum,  but  is  nearer 
the  maximum. 

The  influence  of  light  makes  itself  felt  in  a  different  manner  from 
changes  of  temperature.  Light  as  a  general  rule  retards  growth.  This 
is  apparent  from  observations  on  stems  and  roots  grown  in  the  dark,  and 
is  also  true  in  regard  to  the  growth  of  leaves,  if  the  disturbing  effects 
resulting  from  long-continued  darkness  be  disregarded.  Too  great  an 
intensity  of  light  causes  a  cessation  of  the  growth  of  an  organ,  while 
feeble  illumination  or  darkness  increases  it.  The  effect  of  darkness 
upon  the  growth  of  plants  is,  however,  differently  manifested  according 
to  its  duration,  whether  it  be  continuous,  or  interrupted,  as  in  the 
changes  of  night  and  day.  Long- continued  darkness  produces  an 
abnormal  growth,  in  that  the  growth  of  certain  organs  is  unduly 
favoured,  and  of  others  greatly  retarded,  so  that  a  plant  grown 
altogether  in  the  dark  presents  an  abnormal  appearance.  The  stems 
of  Dicotyledons,  in  such  case,  become  unusually  elongated,  also  soft  and 
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white  in  colour.  The  leaf-blades  are  small  and  of  a  yellow  colour, 
and  remain  for  a  long  time  folded  in  the  bud  (Fig.  196,  E).  A 
plant  grown  under  such  conditions  is  spoken  of  as  "  etiolated." 

This  diminution  in  the  size  of  tlie  leaf-blades  and  the  elongation  of  the  stem 
(and  leaf-stalks)  are  not  manifested  by  all  plants,  nor  under  all  circumstances.  The 
stems,  for  instance,  of  certain  Cacti  are  much  shorter  when  grown  in  the  dark  than 
in  the  light.  Similarly,  the  leaves  of  varieties  of  the  Beet  {Beta)  grow  as  large, 
or  even  larger,  in  the  dark  than  in  the  light ;  this  is 
also  true,  under  conditions  favourable  to  nutrition,  of 
the  leaves  of  other  plants  (Cucurbita).  In  the  shade  of 
a  forest  leaves  often  become  larger  than  in  full  daylight. 
They  are  then  proportionally  thinner,  and  the  palisade 
cells  which,  in  leaves  fully  exposed  to  the  light,  are  in 
close  contact,  become  pointed  below,  and  thus  produce 
intercellular  spaces  between  them.  In  this  way  the 
modifying  influence  of  light  of  diminished  intensity  is 
apparent  in  the  internal  structure  of  such  scotophilous 
leaves.  Flowers,  however,  if  suflicient  constructive 
material  be  provided  by  the  assimilating  leaves,  develop, 
according  to  Sachs'  observations,  as  well  in  the  dark  as 
in  the  sunlight,  except  that  they  are  sometimes  paler  in 
colour.  If,  however,  the  assimilatory  activity  of  the 
green  leaves  be  reduced  or  destroyed  by  depriving  them 
of  light,  many  plants,  as  Vochting  found,  form  only 
inconspicuous  or  clcistogamous  flowers. 

The  tissues  of  etiolated  stems  and  leaf-stalks 
are  fuller  of  water  and  thinner-walled  than  in 
normally  growing  plants.  Even  the  roots  of 
such  plants  are  often  found  to  be  less  strongly 
developed.  The  supply  of  reserve  material  at 
the  disposal  of  plants  growing  in  the  dark  is 
utilised,  together  with  the  help  of  an  unusual 
amount  of  inflation  water,  in  the  elongation  of 
the  axis.  This  elongation  of  the  shoot  axis, 
resulting  from  growth  in  darkness,  is  of  especial 
value  in  the  development  of  young  plants  from 
underground  tubers,  rhizomes,  and  seeds ;  for 
in  this  way  the  light  is  quickly  reached,  and 
they  are  the  sooner  capable  of  independent 
nutrition.  The  advantage  derived  from  a  rapid 
elongation  is  especially  apparent  when  the  leaves 
must  themselves  reach  the  light  by  their  own  elongation.  This  is 
often  necessary,  particularly  for  the  leaves  of  Monocotyledons,  which 
spring  from  bulbs  and  rhizomes.  They  act  just  as  the  stems  of 
Dicotyledons,  and  attain  an  abnormal  length  in  the  dark. 

From  what  has  already  been  said  it  would  seem  that  plants  must 
grow  more  rapidly  during  the  night  than  day,  and  this  is  actually  the 


Fig.  196.— Two  seedlings  of 
Sinapis  alha,  of  equal  age  : 
E,  Grown  in  the  dark? 
etiolated  ;  N,  grown  in  or- 
dinary daylight,  normal. 
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case  where  other  conditions  affecting  growth  remain  the  same  by 
night  as  by  day.  A  too  low  temperature  during  the  night  may,  how- 
ever, completely  counteract  the  accelerating  influence  of  darkness  upon 
the  growth. 

Just  as  the  rays  of  light  of  different  wave-length  and  refrangi- 
bility  were  found  to  be  of  different  value  in  the  process  of  assimilation, 
so  growth  is  by  no  means  equal  in  differently-coloured  light.    It  is  to 

THE  STRONGLY  REFRACTIVE,   SO-CALLED  CHEMICAL,   RAYS  THAT  THE 


Fig.  197.— Two  leaves  of  EanuncnUis  Purshii.    L,  An  aerial  leaf;  W,  a  submerged  water-leaf. 

(After  GoEBEL.) 

INFLUENCE  OF  LIGHT  ON  GROWTH  IS  DUE:  the  red-yellow  end  of  the 
spectrum  acts  upon  many  plants  in  the  same  manner  as  darkness. 

Moisture  exerts  a  twofold  influence  upon  growth.  It  acts  as  a 
stimulus,  and  also,  by  diminishing  transpiration,  increases  turgidity. 

Plants  in  damp  situations  are  usually  larger  than  those  grown  in  dry  places, 
and  in  fact  may  differ  from  them  in  their  Avliole  habit  and  mode  of  growth.  Direct 
contact  with  water  seems  frequently  to  exert  a  special  influence  upon  the  external 
form  of  plants.  Amphibious  plants,  that  is,  such  as  are  capable  of  living  both 
upon  land  and  in  water,  often  assume  in  water  an  entirely  different  form  from  that 
which  they  possess  in  air.  This  variation  of  form  is  particularly  manifested  in  the 
leaves,  which,  so  long  as  they  grow  in  water,  are  finely  dissected,  while  in  the  air 
their  leaf-blades  are  much  broader  (Fig.  197).  The  leaf-stalks  and  internodes  also 
often  exhibit  a  very  different  form  in  air  and  water,  and  undergo  the  same  abnormal 
elongation  as  in  darkness.  This  is  especially  noticeable  in  submerged  water-plants, 
whose  organs  must  be  brought  to  the  surface  of  the  Avater  (young  stems  and  leaf- 
stalk of  Trapa  natans,  stem  of  Hiijpuris,  leaf-stalk  of  Nymphaea,  Nuphar,  Hydro- 
charis).  Such  plants  are  enabled  by  this  power  of  elongating  their  stems  or  leaf- 
stalks to  adapt  themselves  to  the  depth  of  the  water,  remaining  short  in  shallow 
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Avater  and  becoming  very  long  in  deep  Avater.  The  pressure  of  the  water  upon  the 
tip  of  the  growing  organ,  as  well  as  the  insufficient  supply  of  oxygen,  seem  to  act 
upon  the  growth,  in  this  instance,  as  regulating  stimuli. 

The  great  importance  of  free  oxygen  has  already  been  alluded  to  in  connection 
with  respiration  (p.  219).  Without  gaseous  or  dissolved  oxygen  in  its  immediate 
environment  the  growth  of  a  plant  entirely  ceases. 

Mechanical  Influence. — Pressure  and  traction  exert  a  purely  mechanical  influ- 
ence upon  growth,  and  also  act  at  the  same  time  as  stimuli  upon  it.  External 
pressure  at  first  retards  growth  ;  it  then,  however,  according  to  Pfeffer,  stimu- 
lates the  protoplasm  and  occasions  the  distension  of  the  elastic  cell  walls,  and 
frequently  also  an  increase  of  turgor.  As  a  consequence  of  this  increased 
turgor  the  counter -resistance  to  the  external  pressure  is  intensified.  If  the 
resistance  of  the  body  exerting  the  pressure  cannot  be  overcome,  the  plasticity 
of  the  cell  walls  renders  possible  a  most  intimate  contact  with  it ;  thus,  for 
instance,  roots  and  root- hairs  which  penetrate  a  narrow  cavity  so  completely  fill  it 
that  they  seem  to  have  been  poured  into  it  in  a  fluid  state.  It  would  be  natural 
to  suppose  that  the  efl'ect  of  such  a  tractive  force  as  a  pull  would  accelerate  growth 
in  length,  by  aiding  and  sustaining  turgor  expansion.  But  the  regulative  control 
exercised  by  the  protoplasm  over  the  processes  of  growth  is  such  that  mechanical 
strain,  as  Hegler  has  shoAvn,  acts  upon  growth  to  retard  it  (except  in  the  maximum 
of  the  grand  periods).  The  elastic  resistance  and  rigidity  of  cell  walls  are  in- 
creased by  the  action  of  a  strain  ;  such  a  strain  may  also  induce  the  formation  of 
coUenchyma  and  sclerenchyma  which  Avould  not  otherwise  have  been  developed. 

The  Internal  Development  of  the  Organs 

The  internal  development  of  the  organs  is  only  completed  after 
they  have  finished  their  elongation  and  attained  their  ultimate  size. 
They  are  then  first  enabled  to  fully  exercise  their  special  function. 
To  this  end  cell  cavities  usually  become  more  or  less  fused,  and  the  cell 
walls  thickened,  often  in  a  peculiar  and  characteristic  manner  (p.  75). 

In  the  case  of  plants  equipped  for  a  longer  duration  of  life,  a 
growth  in  thickness  follows  the  growth  in  length  (p.  119). 

Periodicity  in  Development,  Duration  of  Life,  and  Continuity  of 
the  Embryonic  Substance 

The  periodically  recurring  changes  in  the  determinative  external 
influence,  especially  in  light  and  temperature,  occasioned  by  the  alter- 
nations of  day  and  night  and  of  the  seasons,  cause  corresponding 
periodical  variations  in  the  growth  of  plants.  These  variations  do 
not  follow  passively  every  change  in  the  condition  of  the  external 
influences.  On  the  contrary,  the  internal  vital  processes  of  plants  so 
accommodate  themselves  to  a  regular  periodicity  that  they  continue 
for  a  time  their  customary  mode  of  growth,  independently  of  any 
external  change.  The  nightly  increase  of  growth,  which  is  especially 
noticeable  after  midnight  in  the  curve  of  growth,  and  the  retardation  of 
growth,  specially  marked  after  mid-day,  will  continue  to  be  exhibited 
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for  some  time  in  prolonged  darkness  when  the  temperature  remains 
constant,  thus  under  these  conditions  HeJiunthus  tuberosus  has  been 
observed  to  continue  its  regidar  daily  periods  for  two  weeks,  aftbrding 
an  example  of  the  inexplicable  occurrence  of  so-called  after-effects. 
which  are  frequently  mentioned  in  a  later  chapter. 

Still  greater  is  the  intluence  exerted  on  the  life  of  plants  by  the 
alternation  of  ^^'inter  and  summer,  which  in  the  plants  of  the  colder 
zones  has  rendered  necessary  a  well-marked  winter  rest.  This  is  not 
in  reality  an  absolute  rest ;  for  although  the  outwardly  visible  pro- 
cesses of  development  and  growth  stand  still,  the  internal  vital  pro- 
cesses, although  retarded,  never  altogether  cease. 

The  AN>'rAL  peeiods  of  growth  occasioned  by  chmatic  changes,  which  are  ren- 
dered so  noticeable  by  the  falhng  of  the  leaves  in  the  autumn,  and  the  develop- 
ment of  new  shoots  and  leaves  in  the  spring,  have  stamped  themselves  so  indehbly 
upon  the  life  of  the  ti"ees  and  shrubs  of  the  temperate  zones,  that,  when  culti- 
vated in  tropical  lands  where  other  plants  are  green  throughout  the  year  and 
blossom  and  bear  fruit,  they  continue  to  lose  their  leaves  and  pass  for  a  short  time 
at  least  into  a  stage  of  rest.  The  Oak  and  Beech  have  become  so  habituated  to 
this  annual  periodicity  that  they  never  depart  from  it  :  other  trees  again  gradually 
accustom  themselves  to  the  new  conditions,  as  the  Cherry  and  Peach,  for  instance, 
which  in  Ceylon  have  become  evergreen  trees.  The  Peach  is  reported  to  produce 
floAvers  and  fruit  throughout  the  entii'e  year  ;  while  the  Cherry,  hke  many  other 
trees  of  the  temperate  zone,  ceases  altogether  to  bear  flowers  in  tropical  climates. 
It  is  due  to  a  similar  habituation  to  an  annual  periodicity  that  in  some  cases  it  is 
so  diflicult,  or  even  altogether  impossible,  to  induce  plants  by  ai-tificial  cuitm-e  to 
flower  out  of  season.  The  behaviour  of  difterent  species  also  varies  in  this  respect  : 
in  general,  those  flowers  accommodate  themselves  best  to  forcing  which,  Hke  the 
Hyacinth,  Crocus,  TuUp,  Syriuga,  and  Cornus  mas,  naturally  flower  early.  That 
the  internal  vital  processes  are  not  promoted  by  artificial  heat  to  the  same  extent 
as  growth  in  length,  is  at  once  perceptible  from  the  abnormal  appearance  of  many 
forced  plants  whose  leaves  and  flowers  do  not  attain  thefr  full  development  (the 
flowers  of  the  Lily  of  the  Yalley.  when  forced  artificially,  develop  even  before  the 
leaves). 

Low  temperature,  especially  fr'ost,  is  often  of  advantage  in  the  preparatory 
vital  processes  dm-ing  the  period  of  rest  :  this  is  made  evident  by  the  accelerated 
transformation  of  the  reserve  material,  and  by  the  active  growth  in  spring. 

Although  to  so  many  plants  winter  is  the  season  of  rest  and  cessation  from 
growth,  other  plants,  c.cf.  certain  Lichens  and  Mosses,  seem  to  find  in  the  warmer 
days  of  winter  the  most  favom-able  conditions  of  vegetation  ;  and  in  summer,  on 
the  contraiy,  either  do  not  grow  at  all  or  only  verj-  little.  Similarly,  many  spring 
plants  attain  their  highest  development,  not  in  simimer,  but  during  the  variable 
weather  of  Mai*ch  and  April,  and,  for  the  most  part,  they  have  entered  upon  their 
rest  period  when  the  summer  vegetation  is  just  awakening. 

In  countries  where  there  are  alternate  rainy  and  dry  periods,  the  latter  generally 
correspond  to  the  winter  period  of  vegetative  rest. 

Duration  of  Plant  Life. — The  life  of  a  plant,  dining  the  whole  of 
its  development,  from  its  germination  to  its  death,  is  dependent  upon 
external  and  internal  conditions.    In  the  case  of  the  lower  vegetable 
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organisms,  such  as  Algae  and  Fungi,  their  whole  existence  may  be 
completed  within  a  few  days  or  even  hours,  and  indeed  some  of  the 
higher  herbaceous  plants  last  only  for  a  few  weeks,  while  the 
persistent  shrubs  and  trees,  on  the  other  hand,  may  live  for  thousands 
of  years. 

After  the  formation  of  the  seeds,  there  occurs  in  many  plants  a 
cessation  of  their  developmental  processes,  and  such  a  complete 
exhaustion  of  vitality  that  death  ensues.  Such  an  organic  termination 
of  the  period  of  life  occurs  in  our  annual  summer  plants,  but  also 
takes  place  with  plants  in  which  the  preparatory  processes  for  the 
formation  of  fruit  have  extended  over  tw^o  or  more  years,  as  in  the 
case  of  the  10  to  40-year-old  Agave,  which,  after  the  formation  of 
its  stately  inflorescence,  dies  of  exhaustion.  In  plants,  on  the  other 
hand,  which  in  addition  to  the  production  of  flowers  and  fruit  accu- 
mulate also  a  reserve  of  organic  substance,  and,  with  their  reproductive 
organs,  form  also  new  growing  points,  life  does  not  cease  with  the 
production  of  the  seeds.  Such  plants  possess  within  themselves  the 
power  of  unlimited  life,  the  duration  of  which  may  only  be  terminated 
by  unfavourable  external  conditions,  the  ravages  of  parasites,  injuries 
from  wind,  and  other  causes. 

The  longevity  of  trees  having  an  historical  interest  is  naturally 
best  known  and  most  celebrated,  although,  no  doubt,  the  age  of  many 
other  trees,  still  living,  dates  back  far  beyond  historical  times. 

The  celebrated  Lime  of  Neiistadt  iu  AViirtemberg  is  between  800  and  1000 
years  old  ;  the  age  of  the  Fir  of  Beqiie  is  estimated  at  1200  years,  and  a  Yew  in 
Braburn  (Kent)  is  at  least  as  old.  A  stem  of  a  Sequoia  in  the  British  Museum 
has,  with  1330  annual  rings,  a  diameter  of  4 '5  m.,  and,  according  to  Carhuthees, 
must  have  originally  been  28 '5  m.  in  circumference.  An  Adansonia  at  Cape  Yerde, 
whose  stem  is  8-9  m.  in  diameter,  and  a  "Water  Cypress,  near  Oaxaca,  Mexico,  are 
also  well-known  examples  of  old  trees.  Of  an  equally  astonishing  age  must  have 
been  the  celebrated  Dragon-tree  of  Orotava,  which  was  overturned  in  a  storm  in 
1868,  and  afterwards  destroyed  by  fire.  The  lower  plants  also  may  attain  a  great 
age  ;  the  apically  growing  mosses  of  the  calcified  Gymnostomum  clumps,  and  the 
stems  of  the  Sphagnaccae,  metre-deep  in  a  peat-bog,  must  certainly  continue  to  live 
for  many  hundred  years. 

In  thus  referring  to  the  ages  of  these  giant  plants,  it  must  not 
be  understood  that  all  the  cells  remain  living  for  so  long  a  time, 
but  rather  that  new  organs  and  tissues  are  developed,  which  continue 
the  life  of  the  whole  organism.  All  that  is  actually  visible  of  a 
thousand-year-old  Oak  is  at  most  but  a  few  years  old.  The  older 
parts  are  dead,  and  are  either  concealed  within  the  tree,  as  the  pith 
and  wood,  or  have  been  discarded  like  the  primary  cortex.  The  cells 
of  the  original  growing  point  have  alone  remained  the  whole  time 
alive.  They  continue  their  growth  and  cell  division  so  long  as  the  tree 
exists ;  while  the  cells  of  the  fundamental  tissue  arising  from  them, 
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and  destined  for  particular  purposes,  all  lose  their  vitality  after  a 
longer  or  shorter  performance  of  their  functions. 

The  cells  of  tlie  root-hairs  often  live  for  only  a  few  days  ;  the  same  is  also  true 
of  the  glandular  cells  and  trichomes  of  stems  and  leaves.  The  wood  and  bast  fibres, 
as  also  the  sclerenchymatous  cells,  lose  their  living  protoplasm  after  a  short  time. 
Entire  organs  of  long-lived  plants  have  frequently  but  a  short  existence  ;  the 
sepals,  petals,  and  stamens,  for  example.  The  foliage  leaves,  also,  of  deciduous 
trees  live  only  a  few  summer  months  and  then,  after  being  partlj^  emptied  of  their 
contents,  are  discarded. 

Before  the  falling  of  leaves  a  separative  layer  is  first  formed  in  the  elongating 
leaf-base  (p.  143)  ;  Avhile  a  layer  of  cork,  formed  either  before  or  after  the  leaf- 
fall,  closes  the  leaf-scar.  The  formation  of  ice  in  the  absciss  layer,  as  may  easily 
be  observed  after  the  first  frost,  facilitates  the  separation  of  the  leaf  from  the 
stem.  The  leaves  even  of  evergreen  plants  continue  living  but  a  few  jeaTS,  before 
they  too  fall  off.  Small  twigs,  especially  of  Conifers,  are  also  subject  to  the  same 
fate. 

The  cells  of  the  medullary  rays  afford  the  best  examples  of  long-lived  cells  con- 
stituting permanent  tissues.  In  many  trees,  as  in  the  Beech,  living  medullary 
ray  cells  over  a  hundred  years  old  have  been  found,  although,  for  the  most  part, 
they  live  only  about  fifty  years. 

Continuity  of  the  Embryonic  Substance. — While  the  cells  of  the 
permanent  tissue  have  thus  but  a  limited  activity,  the  vitality  of 
the  embryonal  tissues  is  unlimited,  and  never  terminates  from  natural 
causes.  From  such  embryonal  tissue  the  growing  points  of  perennial 
plants  are  formed,  and  the  growing  points  of  their  descendants,  as 
Sachs  has  pointed  out,  are  also  derived  from  it,  through  the  substance 
of  the  sexual  cells.  The  embryonic  substance  does  not  change  ;  it 
produces  new  individuals,  which  live  but  a  short  time,  but  is  itself 
perpetuated  in  their  offspring ;  it  continues  always  productive,  always 
rejuvenescent  and  regenerative.  The  thousands  and  thousands  of 
generations  w^hich  have  arisen  during  the  past  ages  were  its  products ; 
it  continues  living  in  the  youngest  generations  with  a  capacity  for 
production  still  unabated  and  undiminished.  The  single  organism  is 
perishable ;  its  embryonic  substance,  however,  is  imperishable  and 
unchangeable,  and  continually  gives  rise  to  new  tissues.  Considered 
from  this  standpoint,  the  difference  between  short-  and  long-lived 
plants,  between  annual  herbs  and  thousand-year-old  trees,  appears  in 
quite  another  aspect.  From  the  embryonic  substance  of  the  oldest 
trees  there  are  produced,  each  year,  new  leaves  and  shoots,  which, 
however,  remain  united  with  the  dead  remains  of  former  years.  In 
annual  herbs,  on  the  other  hand,  the  embryonic  substance  in  the 
embryo  becomes  separated  each  year  from  the  dead  plant,  and  develop- 
ing new  leaves,  stems,  and  roots,  forms  a  completely  new  individual. 

The  old  and  well-known  maxim  of  Harvey's,  "  Omne  vivum  ex 
ovo,"  is,  in  other  words,  only  the  expression  of  the  principle  of  the  con- 
tinuity of  the  embryonic  substances.   And  similar  to  it,  in  its  continual 
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vitality  and  organic  imperishability,  is  the  substance  of  the  lowest 
unicellular  organisms,  continually  reproducing  themselves  by  division 
and  ever  changing  into  new  individuals. 

V.  The  Phenomena  of  Movement 

In  every  living  organism  there  is  constantly  occurring  in  the 
course  of  the  metabolic  processes  an  active  movement  and  transposi- 
tion of  substance.  As  these  movements  are  for  the  most  part 
molecular  they  are  generally  imperceptible ;  but  that  they  actually 
take  place  is  demonstrated  with  absolute  certainty  by  the  local 
accumulation  and  diminution  of  substance,  shown  both  by  weighing 
and  by  the  results  of  chemical  analysis. 

There  are  also  other  forms  of  movement  which  play  an  important 
part  in  the  physiology  of  every  organism,  and  on  which  its  vital 
processes  are  to  a  large  extent  dependent  :  these  are  the  movements 
due  to  heat  and  the  related  conditions  of  vibration  resulting  from 
light,  electricity,  etc. 

Apart  from  the  movements  of  this  class,  which  may  take  place 
within  organisms  which,  externally,  are  apparently  at  rest,  there  occur 
also  in  plants  actual  CHANGES  IN  POSITION,  externally  noticeable  but 
usually  of  gradual  operation ;  yet  in  special  cases  they  may  involve 
rapid  motion.  These  movements  may  be  carried  on  either  by  the 
whole  plant  or  by  single  organs.  Eeference  is  here  made  only  to  the 
SPONTANEOUS  MOVEMENT  resulting  from  the  activity  of  a  plant  organism 
itself,  and  this  should  not  be  confused  with  the  passive  movements 
due  to  externally  operating  mechanical  agencies,  such  as  water  and 
wind,  which,  although  they  have  a  certain  importance  for  plant  life, 
will  not  be  here  considered. 

PPvOTOPLASM  itself  is  capable  of  different  movements.  Naked 
protoplasmic  bodies  almost  always  show  slow  movements  resulting  in  a 
gradual  change  of  position  ;  but  cells  enclosed  by  cell  walls  possess  also 
the  power  of  independent  locomotion,  often  indeed  to  a  considerable 
extent.  Multicellular  plants,  however,  as  a  rule  ultimately  attach 
themselves,  by  means  of  roots  or  other  organs,  to  the  place  of  germina- 
tion, and  so  lose  for  ever  their  power  of  locomotion,  except  in  so  far 
as  it  results  from  growth.  A  gradual  change  in  position  due  to 
growth  is  apparent  in  plants  provided  with  rhizomes,  the  apical  ex- 
tremities of  which  are  continually  growing  forward,  while  the  older 
portions  gradually  die  off.  A  yearly  elongation  of  5  cm.  in  the 
apical  growth  of  the  rhizomes  would  result,  in  twenty  years,  in 
moving  the  plant  a  distance  of  one  metre  from  its  original  position. 
A  seedling  of  Cuscuta  in  its  search  for  a  host  plant  illustrates  the  power 
of  maintaining,  for  a  time,  a  creeping  movement  over  the  surface  of 
the  soil;  a  growing  Caulerpo  (Fig.  250)  likewise  exhibits  in  the  course 
of  years  a  similar  advancing  movement.    In  addition  to  these  move- 
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ments,  occasioned  by  a  growth  in  length,  plants  firmly  established  in 
the  soil  possess  also  the  power  of  changing  the  position  and  direction 
of  their  organs  by  means  of  CURVATURE  and  rotation.  In  this  way 
the  organs  are  brought  into  positions  necessary  or  advantageous  for  the 
performance  of  their  function.  By  this  means,  for  example,  the  stems 
are  directed  upwards,  the  roots  downwards ;  the  upper  sides  of  the 
leaves  turned  towards  the  light;  climbing  plants  twined  about  a 
support,  and  the  stems  of  seedlings  so  bent  that  they  break  through 
the  soil  without  injury  to  the  young  leaves. 

Movements  of  Naked  Protoplasts 

The  creeping  m^ovements  of  naked  protoplasts,  such  as  are  shown 
by  an  amoeba  or  plasmodium,  in  the  protrusion,  from  one  or  more 
sides,  of  protuberances  which  ultimately  draw  after  them  the  whole 

protoplasmic  body,  or  are  themselves 
again  drawn  in  (Fig.  198),  are  distin- 
guished as  amceboid  movements.  These 
movements  resemble,  externally,  the 
motion  of  a  drop  of  some  viscid  fluid  on 
a  surface  to  which  it  does  not  adhere,  and 
are  chiefly  due,  according  to  Berthold,  to 
superficial  tension,  which  the  protoplasm 
can  at  diff'erent  points  increase  or  diminish, 
by  means  of  its  quality  of  irritability. 
(By  means  of  irregular  changes  of  surface- 
tension  similar  amoeboid  movements  are 
also  exhibited  by  drops  of  lifeless  fluids.) 

In    the    SWIMMING    MOVEaiENTS  BY 

means  of  cilia,  on  the  contrary,  the 
whole  i^rotoplasmic  body  is  not  involved, 
but  it  possesses  special  organs  of  motion 
in  the  form  of  whip-like  flagella  or 
CILIA.  These  may  be  one,  two,  four 
or  more  in  number,  and  arranged  in 
various  ways  (Figs.  69,  70).  They  move  very  rapidly  in  the  M'ater 
and  impart  considerable  velocity  to  the  protoplast,  often  giving  it  at 
the  same  time  a  rotatory  movement.  While  the  sAviftest  ship  requires 
10-15  seconds  to  travel  a  distance  equal  to  its  own  length,  the  velocity 
with  which  these  protoplasmic  bodies  are  impelled  by  their  cilia,  in  a 
second,  is  two  or  three  times  their  length,  although,  owing  to  their 
diminutive  size,  the  distance  travelled  by  them  in  an  hour  would 
amount  to  only  about  a  metre.  The  protoplasmic  body  is  conveyed 
by  the  motion  of  the  cilia  in  a  definite  direction,  which  is  so  regulated 
by  the  action  of  stimuli  that  it  may  be  instantly  changed.  In  this 
way  the  direction  and  velocity  of  the  ciliary  movements  are  made 
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Fig.  198. — Amoeboid  luoveinent.  Tlie 
arrows  indicate  the  direction  and 
energy  of  the  movement;  the  crosses, 
the  points  at  rest.  At  the  time 
being  the  principal  movement  is 
from  U  to  F,  but  at  any  momejit  it 
may  be  towards  R  or  L,  and  so 
change  the  direction  of  the  course 
taken  by  the  amceba. 
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serviceable  to  the  protoplasmic  organisms  through  the  irritability  of 
the  protoplasm.  Gravity  and  light,  certain  substances  in  solution, 
and  mechanical  hindrances  are  the  principal  influences  which  regulate 
the  movements  of  free -swimming  protoj^lasmic  bodies  and  cells. 
The  direction  of  the  movements  of  the  swarm -spores  of  Algae  are 
chiefly  determined  by  the  light.  So  long  as  they  remain  in  darkness 
they  move  through  the  water  in  all  directions  ;  but  as  soon  as  they  are 
illuminated  from  one  side  only,  a  definite  direction  in  their  movements 
is  perceptible.  They  move  either  straight  towards  the  light  or  turn 
directly  away  from  its  source.  Their  retrogressive  movements  from 
the  light  occur  either  in  case  of  too  intense  illumination,  or  at  a  certain 
age,  or  through  some  unknown  disturbing  irritation.  The  advantage 
of  such  HELIOTACTIC  MOVEMENTS  (phototactic)  is  at  once  apparent  when 
the  part  taken  by  the  swarm-spore  in  the  life  of  an  Alga  is  considered. 
In  order  to  provide  for  the  future  nutrition  of  the  stationary  Alga 
into  which  it  afterwards  develops,  it  must  seek  the  light.  If  a  point 
with  suitable  (tliat  is,  not  too  intense  and  not  too  weak)  illumination 
be  attained,  then  the  swarm-spore  must  attach  itself  by  the  end  which 
carries  the  cilia  :  to  do  this  it  must  turn  itself  from  the  light  towards  a 
dark  object.  On  the  other  hand,  as  the  swarm-spores  do  not  come  to 
rest  at  all  in  absolute  darkness,  but  swim  continuously  until  thoroughly 
exhausted,  the  possibility  of  their  attaching  themselves  in  a  spot  devoid 
of  light  is  excluded,  and  where  the  new  plant  could  not  assimilate. 

The  SWARM-SPORES  of  water  Fungi  and  motile  Bacteria,  according  to 
Pfeffer's  investigations,  are  chiefly  influenced  in  their  movements  by 
the  unequal  distribution  of  dissolved,  solid,  or  gaseous  matter  (oxygen) 
in  their  environment.  According  to  their  momentary  requirements  and 
their  sensitiveness  to  stimuli,  they  move  either  towards  or  away  from 
the  points  of  highest  concentration. 

As  the  result  of  similar  CHEMOTACTic  MOVEMENTS  spermatozoids 
approach  the  female  sexual  organs.  Pfeffer  has  demonstrated  that  the 
spermatozoids  of  Ferus  are  enticed  into  the  long  necks  of  the  archegonia 
by  means  of  malic  acid:  while  the  archegonia  of  the  Mosses  attract  the 
spermatozoids  by  a  solution  of  cane-sugar.  In  such  cases  an  extremely 
small  quantity  of  dissolved  substance  is  often  a  sufficient  stimulus  to  call 
forth  active  chemotactic  movements  ;  a  0*00 1  per  cent  solution  of  malic 
acid  suffices  for  the  attraction  of  Fern  spermatozoids.  The  movements 
of  amoeba3  and  plasmodia  are  similarly  induced  by  external  influences. 
These  naked  protoplasts  live  not  only  in  water  (amoebae),  but  also 
in  moist  substrata  (plasmodia,  amoebae),  and  seem  to  possess  the 
power  t)f  seeking  out  situations  with  more  moisture,  or  of  avoiding 
them  (before  the  formation  of  spores)  :  their  movements  are  also 
influenced  by  the  direction  of  currents  in  the  Avater  (rheotaxis).  In 
cases  where  cells  enclosed  by  cell  walls  {Sphaerella  'pluiialis)  swim  freely 
about  by  means  of  cilia,  the  cilia  spring  from  the  protoplasm  and 
pierce  the  cell  walls. 
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Diatoms  and  Desmids  exhibit  quite  a  different  class  of  movements.  The 
Diatoms  glide  along,  usually  in  a  line  with  their  longitudinal  axes,  and  change 
the  direction  of  their  movements  by  oscillatory  motions.  From  the  manner  in 
which  small  i)articles  in  their  neighbourhood  are  set  in  motion,  it  Avas  concluded 
that  special  organs  of  motion  probably  protrude,  like  pseudopodia,  through  openings 
in  their  hard  silicified  shell  ;  while  more  recently,  in  a  few  instances,  Havptfleisch 
has  been  able  to  render  visible  the  protoplasmic  motile  organs.  The  protrusion  of  a 
transparent  thread  of  mucilaginous  matter  is  claimed  to  have  been  seen  by  Butschli 
and  Laitterborx  in  the  case  of  a  large  Diatom  which  propelled  itself  by  this  means. 
This  means  of  locomotion  resembles  that  of  the  nearly  related  Desmids,  which,  it 
has  been  shown,  maintain  their  peculiar  movements  with  the  help  of  a  similar 
mucilaginous  protrusion.  The  pendulous  advancing  movements  of  the  filamentous 
Oscillariae  and  S-pirulinae  are  also  said  to  be  dependent  upon  similar  mucilaginous 
exudations.    The  mechanism  of  the  movements  of  Spirogyra  is  still  unexplained. 

The  Movements  of  Protoplasm  within  Walled  Cells 

Although  plants  which  are  firmly  attached  and  stationary  exhibit 
no  such  locomotory  movements,  the  protoplasm  within  their  cells  does 
130ssess  a  power  of  movement.  Such  internal  protoplasmic  movements 
are  especially  active  in  the  non- cellular  Siphoiieae,  in  the  elongated 
internodal  cells  of  the  Characeae  (Fig.  167),  and  often  in  the  hairs  of 
many  plants,  as  well  as  in  the  leaf-cells  of  some  aquatic  plants.  The 
active  protoplasmic  currents  in  Caulerpa  move  along  its  outer  walls  and 
around  the  internal  cellulose  bands,  stretching  from  wall  to  wall  in  the 
manner  of  an  immense  imprisoned  plasmodium. 

The  three  following  different  forms  of  protoplasmic  movement 
within  cell  cavities  may  be  distinguished  :  circulation,  rotation, 

and  ORIENTATION. 

In  the  case  of  circulatory  movement  the  different  currents  of 
protoplasm,  although  often  quite  close  together,  flow  in  different 
directions.  This  motion  is  seen  most  frequently  in  cells  of  which  the 
nucleus  is  suspended  in  the  centre  of  the  cell  cavity  by  means  of 
protoplasmic  threads.  In  these  threads  continuous  protoplasmic 
currents  flowing  towards  and  away  from  the  nucleus  connect  the 
protoplasm  enveloping  it  with  the  protoplasm  clothing  the  cell  wall 
(Fig.  53).  Sometimes,  even  in  extremely  fine  threads  of  protoplasm, 
two  currents  may  be  seen  to  pass  each  other  (e.g.  in  the  stamens  of 
Tradescantia,  the  stinging  hairs  of  Urtica,  and  the  bristles  of  Cucurhita). 

In  the  ROTATORY  MOVEMENT  the  protojiksm  moves  along  the 
cell  wall  in  one  direction  only,  dragging  with  it  the  nucleus  and  often 
also  the  chlorophyll  grains.  In  an  elongated  cell,  in  Avhich  the  rotation 
usually  takes  place  in  the  direction  of  the  longitudinal  axis,  as  the 
protoplasm  forms  one  united  body,  there  must  be  a  strip  of  immovable 
protoplasm  which  separates  the  rotating  masses.  This  stationary 
part  is  termed  the  neutral  or  interference  zone.  The  rapidity 
of  the  movement  diminishes  towards  the  cell  wall,  and  the  layer  of 
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protoplasm  directly  contiguous  to  the  cell  wall  is  not  in  motion.  The 
rotatory  movements  are  easily  seen  in  Chara  and  Nitella,  where  they 
take  a  spiral  course,  and  they  are  also  very  energetic  in  the  cells  of  the 
leaves  of  Elodea  canadensis  and  of  Vallisneria  spiralis,  and  also  in  the 
root-hairs  of  Hydrocharis  morsus  ranae  and  Trianea  hogotensis. 

The  cause  of  these  movements,  which  may  take  different  directions  in  adjoining 
cells,  and  may  also  continue  after  the  protoplasm  has  been  drawn  away  from  the 
cell  walls  by  plasmolysis  (p.  166),  is  not  yet  understood.  It  is,  hoAvever,  known 
that  the  continuance  and  activity  of  such  protoplasmic  movements,  the  existence  of 
which  was  first  observed  by  CoRTi  in  1772,  and  later  rediscovered  by  Treviranus 
in  1807,  are  dependent  on  factors  which,  in  general,  support  and  promote  the  vital 
activity  ;  while  the  presence  of  free  oxygen  and  proper  conditions  of  temperature 
seem  to  be  particularly  favourable  to  them.  Through  the  study  of  sections  in  the 
cells  of  which  currents  had  been  induced  in  the  protoplasm,  by  the  injuries  sustained 
in  their  preparation  and  by  other  abnormal  conditions,  grave  errors  have  arisen 
concerning  the  existence  of  such  protoplasmic  movements  in  cells,  in  which  under 
normal  conditions  they  cannot  be  observed.  The  presence  of  protoplasmic  currents 
in  a  cell  may,  in  fact,  indicate  either  an  energetic  vital  activity,  or,  on  the  other 
hand,  be  merely  a  symptom  of  a  pathological  or,  at  least,  of  an  excited  condition  of 
the  protoplasm. 

The  movements  of  orientation  of  the  protoplasmic  body  do  not 
proceed  in  the  same  uninterrupted  manner  as  the  circulatory  and 
rotatory  movements.  They  are  also  usually  so  gradual  as  to  be  only 
recognisable  through  their  operations.  They  are  induced  by  changes 
in  the  external  influences,  especially  as  regards  the  intensity  of  the 
light,  and  result  in  producing  a  definite  position  of  the  protoplasmic 
bodies,  as,  for  example,  the  orientation  of  the  chlorophyll  grains  with 
regard  to  the  light. 

Movements  of  this  kind  have  been  most  frequently  observed  in  Algae,  in  sub- 
merged Duckweed  {Leinna  trisulca),  in  the  protliallia  of  Ferns  and  Mosses  ;  but 
similar  movements  can  also  be  observed  in  the  higher  plants. 

In  the  cells  of  the  filamentous  Alga  Mesocarpus,  the  chloroplasts,  in 
the  form  of  a  single  plate  suspended  length-wise  in  each  cell,  turn 
upon  their  longitudinal  axes  according  to  the  direction  and  intensity 
of  the  light.  In  light  of  moderate  intensity,  according  to  Stahl's 
observations,  they  place  themselves  transversely  to  the  source  of  light, 
so  that  they  are  full}^  illuminated  (transverse  position) ;  when,  on  the 
other  hand,  they  are  exposed  to  direct  sunlight,  the  chlorophyll  plates 
are  so  turned  that  their  edges  are  directed  towards  the  source  of  light 
(profile  position).  A  similar  protection  of  the  chloroplasts  against  too 
intense  light,  and  their  direct  exposure,  on  the  other  hand,  to  more 
moderate  illumination,  is  accomplished,  where  they  are  of  a  different 
form  and  more  numerous,  by  their  different  disposition  relative  to  the 
cell  Avails.  In  moderate  light  the  chlorophj'll  bodies  are  crowded 
along  the  walls,  which  are  transverse  to  the  direction  of  the  rays  of 
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light  (Fig.  199,  r). 


Fig,  199.— Varying  positions  taken  by 
the  clilorophyll  grains  in  the  cells  of 

Lemna  trhnJi-n  in  illumination  of  dif- 
ferent intensity.  T,  in  diffuse  day- 
light ;  S,  in  direct  sunlight  ;  N,  at 
night.  The  arrows  indicate  the  direc- 
tion of  the  light.    (After  Stahl.) 


They  quickly  pass  over  to  the  walls  parallel  to 
the  rays  of  light,  however,  as  soon 
as  the  light  becomes  too  intense, 
and  so  retreat  as  far  as  joossible  from 
its  action  (Fig.  199,  S).  In  darkness 
or  in  weak  light  the  chloroplasts  group 
themselves  in  still  a  third  way  (Fig. 
199,  N),  the  advantage  of  which  is  not 
altogether  clear. 

The  form  of  the  chlorophyll  bodies 
themselves  undergoes  modification  dur- 
ing changes  in  their  illumination  ;  in 
moderate  light  they  become  flattened, 
while  in  light  of  greater  intensity  they 
are  rounded  and  thicker. 

As  a  special  mode  of  protection  against 
too  intense  light,  the  chloroplasts  of  the 
Siphoneac  (and  the  same  thing  is  observed 
in  many  plants)  become  balled  together  in 
separate  clnmps.  In  corresjiondence  -with 
the  changes  in  the  position  of  the  chloro- 
plasts, the  colouring  of  green  organs  natur- 
ally becomes  modified.  In  direct  sunshine 
they  appear  lighter,  in  diffused  light  a 
darker  green.  The  attention  of  Sachs  was 
first  called  to  the  j^henomena  of  the  move- 
ments of  the  chloroplasts,  by  the  accidental 
observation  that  the  shadow  of  a  thermo- 
meter was  represented  in  dark  green  on  a 
leaf  otherwise  directl}^  illuminated  by  the 
sun. 

Wounds  and  one-sided  cell-wall  thicken- 
ings likewise  give  rise  to  orientation  move- 
ments, as  they  occasion  a  crowding  together 
on  one  side  of  the  nucleus  and  protoplasm. 


Movements  producing"  Curvature 

The  movements  of  the  organs  of  stationary  plants^  unicellular  as 
well  as  multicellular,  are  accomplished  by  means  of  curvatures.  In  an 
organ  that  has  grown  in  a  straight  line  the  longitudinal  sides  are  all  of 
equal  length ;  in  an  organ  that  is  curved,  however,  the  concave  side  is 
necessarily  shorter  than  the  convex  side.  When,  accordingly,  the 
opposite  sides  of  a  pliable  organ  become  of  unequal  length,  the  organ 
must  curve  toward  the  shorter  side  (Fig.  168).  Inequality  in  the 
length  of  the  opposite  sides  may  result  from  various  causes.  A 
curvature  occurs  if  the  length  of  one  side  remains  constant,  while  the 
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opposite  side  becomes  shorter  or  longer,  and  also  from  the  unequal 
elongation  or  contraction  of  both  sides,  and  similarly  from  the  elonga- 
tion of  one  side  and  the  contraction  of  the  other. 

Such  curvatures  most  frequently  occur  in  plants  as  a  consequence 
of  uni:qual  growth.  More  rarely  they  are  due  to  the  different  length 
of  the  opposite  sides,  resulting  from  unequal  TURGOR  TENSION.  This  is 
principally  the  case  in  fully-grown  organs,  as  in  leaf -cushions  (p.  268) 
and  stamens.  A  third  source  of  curvature  is  found  in  the  unequal 
amount  of  water  taken  up  by  imbibition,  and  the  consequent  unequal 
distension  of  the  cell  walls  on  the  opposite  sides  of  an  organ. 


1.  Hygroscopic  Curvatures  (Imbibition  Movements) 

As  the  cell  walls  of  actively  living  cells  are  always  completely 
saturated  with  imbibition  water,  hygroscopic  curvatures  are  exhibited 
only  by  dry  and,  for  the  most  part, 
dead  tissues ;  although  occasionally 
they  also  take  place  in  living  tissues 
which  can  endure  desiccation  without 
injury,  as  in  the  cases  of  Mosses, 
Lichens,  and  Selaginella  lepiclophylla 
(p.  179).  The  hygroscopic  move- 
ments in  any  case,  however,  are  due 
to  the  physical  properties  of  the  cell 
walls,  and  have  no  direct  connection 
with  the  vital  processes,  except  in 
so  far  as  the  capacity  of  cell  walls 
to  swell  and  take  up  large  quanti- 
ties of  imbibition  water  is  due  to 
the  protoplasm  by  which  they  were 
formed.  The  activity  of  the  proto- 
plasm in  the  formation  of  the  cell 
walls  is  likewise  manifested  in  their 
anatomical  structure,  in  their  strati- 
fication and  striation,  and  in  the 
position  of  the  pits,  as  well  as  in 
the  arrangement  and  disposition  of 
the  cells  themselves. 

The  absorption  of  imbibition 
water  by  cell  walls  is  accompanied 
by  an  increase  in  their  volume,  and 
conversely  the  volume  of  the  cell 
walls  is  diminished  by  the  evaporation 
of  the  imbibition  water.  Accordingly,  whenever  unequal  amounts  of 
water  are  held  by  the  cell  walls  on  the  different  sides  of  an  organ,  either 
through  unequal  absorption  or  evaporation,  hygroscopic  movements 


Fig.  200. — Fruit  of  Erodhim  gruinum.  A,  in 
the  dry  condition,  coiled  ;  B,  moist  and 
elongated. 
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are  produced,  which  result  in  the  curvature  of  the  organs.    In  many 
cases  the  organs  of  plants  are  especially  adapted  to  such  movements, 
by  means  of  which,  in  fact,  important  operations  are  often  accom-  • 
plished,  as,  for  example,  the  dehiscence  of  seed-vessels  and  the  dis- 
semination and  burial  of  seeds. 

The  rupture  of  ripe  seed-vessels,  as  well  as  their  dehiscence  by  the  opening  of 
special  apertures  {Paiiaver,  Lychnis,  Antirrhinurn,  etc.),  is  a  consequence  of  the 
unequal  contraction  of  the  cell  walls  due  to  desiccation.  At  the  same  time, 
through  the  sudden  relaxation  of  the  tension,  the  seeds  are  often  shot  out  to 
a  great  distance  {Tricoccae,  etc.).  In  certain  fruits  not  only  curvatures  but  torsions 
are  produced  as  the  result  of  changes  in  the  amount  of  Avater  they  contain,  e.g. 
Erodium  gruinum  (Fig.  200),  SH2kc  2)ennata,  Avena  sterilis,  by  means  of  which,  in 
conjunction  Avith  their  stiff'  barb-like  hairs,  the  seeds  bury  themselves  in  the  earth. 

The  opening  and  closing  of  the  involucre  of  many  Conrpositae  {Erigeron,  Carlina, 
etc.)  at  the  time  of  the  ripening  of  the  seeds,  and  the  changes  in  the  position  of  the 
pappus-hairs  ( Taraxacum,  Tragopogon,  etc. ),  are  also  due  to  hygroscopic  movements 
resulting  from  variations  in  the  amount  of  moisture  in  the  atmosphere.  In  dry 
weather  the  pappus  is  spread  out  in  the  form  of  an  umbrella,  but  in  wet  weather  it 
closes  up.  The  opening  of  anthers  and  sporangia,  the  rupture  of  moss-capsules, 
and  the  dissemination  of  the  spores  of  the  Equisetaceac,  Hepaticae,  and  Myxoviycetcs 
are  also  eff'ected  by  similar  movements.  Anthers  and  sporangia  possess  peculiarly 
thickened  cells  (fibrous  cells,  annulus),  by  the  contraction  of  which  their  dehiscence 
is  produced.  The  opening  of  the  moss-sporangium  is,  in  like  manner,  due  to  the 
hygroscopic  movements  of  the  teeth  of  the  peristome,  while  the  sporangia  of  the 
Liverworts  are  provided  with  specially  thickened  spiral  bands  (elaters),  which,  like 
the  capillitia  of  the  Myxomycetes,  effect  the  discharge  of  the  spores.  In  the  case 
of  the  Equisetaccae  the  outer  walls  of  the  spores  themselves  (the  perinium)  take 
the  form  of  four  arms,  which,  like  elaters,  are  capable  of  active  movements,  by 
means  of  which  numbers  of  spores  become  massed  together  before  germinating,  and 
the  isolation  of  the  dicecious  prothallia  prevented. 

In  order  to  call  forth  imbibition  movements  the  actual  presence  of  liquid  water 
is  not  necessary  ;  for,  through  their  hygroscopicity,  cell  walls  have  the  power  of 
absorbing  moisture  from  the  air.  They  are  hygroscopic,  and  for  this  reason  the 
ensuing  movements  are  also  often  termed  liygroscoj)ic  movements. 

2.  Growth  Curvatures 

Movements  from  which  curvatures  result  are,  for  the  most  part, 
produced  by  the  unequal  growth  of  living  organs.  The  unequal 
growth  is  due,  partly  to  internal  causes  which  are  still  undetermined, 
and  partly  to  the  operation  of  external  influences  which  can  be  posi- 
tively demonstrated  and  defined.  The  movements  resulting  in  the 
first  case  are'  spontaneous,  and  are  called  autonomic  movements  or 
NUTATIONS;  in  the  second  case  the  movements  are  the  result  of 
external  stimuli,  and  are  distinguished  as  irritable  or  paratonic 

MOVEMENTS. 

Autonomic  Movements  are  most  plainly  apparent  in  young 
actively-growing  organs^  although  nutations  have  been  shown  to  be 
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exhibited  by  all  growing  plants,  as  their  tips  do  not  grow  forward  in 
a  straight  line,  but,  instead,  describe  irregular  elliptical  curves.  These 
movements,  which  Darwin  termed  circumnutations,  while  often  not 
perceptible  to  the  eye,  are  very  noticeable  in  some  special  organs. 
The  unfolding  of  most  leaf  and  flower  buds,  for  example,  is  a  nutation 
movement  which,  in  this  instance,  is  induced-  by  the  more  vigorous 
growth  of  the  inner  side  of  the  young  leaves.  The  same  unequal 
growth  manifests  itself  most  noticeably  in  the  leaves  of  Ferns  and 
many  Cycadeae.  In  the  same  manner,  movements  of  nutation  are 
caused  in  other  lateral  organs  when  growth  is  more  energetic  on  either 
the  upper  side  (epinasty)  or  on  the  lower  side  (hyponasty).  From 
the  nutation  of  the  shoots  of  Ampelopsis  quinqiiefolia  a  curvature  is 
produced  which  continuously  advances  with  the  increased  groAvth  ;  so 
that,  by  means  of  its  hooked  extremity,  a  shoot  is  better  enabled  to  seek 
out  and  cling  to  a  support.  When  the  unequal  growth  is  not  confined 
to  one  side,  but  occurs  alternately  on  different  sides  of  an  organ,  the 
nutations  which  result  seem  even  more  remarkable.  Such  movements 
are  particularly  apparent  in  the  flower-stalk  of  an  Onion  or  of  Yucca 
filamentosa,  which,  although  finally  erect,  in  a  half-grown  state  often 
curves  over  so  that  its  tip  touches  the  ground.  This  extreme  curvature 
is  not,  however,  of  long  duration,  and  the  flower-stalk  soon  becomes 
erect  again  and  bends  in  another  direction.  Thin  and  greatly  elon- 
gated organs  must,  from  purely  physical  reasons,  quickly  respond  to  the 
effects  of  unequal  growth.  The  thread-like  tendrils  of  many  climbing 
plants,  so  long  as  they  are  in  a  state  of  active  growth,  afford  excellent 
objects  for  the  observation  of  nutation  movements.  If  the  line  of 
greatest  growth  advances  in  a  definite  direction  around  the  stem,  its 
apex  will  exhibit  similar  rotatory  movements  (reyolving  nutation). 
This  form  of  nutation  is  characteristic  of  the  tendrils  and  shoots  of 
climbing  plants,  and  renders  possible  their  peculiar  mode  of  growth. 

The  SO-CALLED  REVOLVING  NUTATION  OF  TWINING  PLANTS  is  not  an 

AUTONOMIC  MOVEMENT,  and  will  be  considered  later  with  the 
paratonic  movements. 

Paratonic  Movements. — The  phenomena  of  paratonic  movements 
are  of  the  very  greatest  importance  to  plant  life,  for  through  their 
operations  the  organs  of  plants  first  assume  such  positions  in  the  air,  or 
water,  or  in  the  earth  as  are  necessary  for  the  performance  of  their  vital 
functions.  A  green  plant  which  spread  its  roots  over  the  surface  and 
unfolded  its  leaves  below  ground  could  not  exist,  even  though  all 
its  members  possessed  the  best  anatomical  structure.  The  strongest 
roots  would  become  dried  up  without  the  necessary  absorption  of 
water,  and  the  leaves  could  not  assimilate  in  the  dark.  The  organisa- 
tion and  specific  functions  can  have  effect  only  when  the  root 
penetrates  the  soil.  Similarly,  the  leaves  are  efficient  only  when 
exposed  to  air  and  light.  Seeds  are  not  always  so  deposited  in  the 
soil,  with  the  embryonal  stem  directed  upwards  and  the  radicle  down- 
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wards,  that  their  different  organs  can,  merely  by  direct  growth,  attain 
at  once  their  proper  position.  A  gardener  does  not  take  the  trouble 
to  ascertain,  in  sowing  seed,  if  the  end  which  produces  the  root  is 
directed  downwards  or  the  stem  end  upwards,  he  knows  that  in  any 
position  the  roots  grow  into  the  ground  and  the  stems  push  themselves 
above  the  surface.  Plants  must  accordingly  have  in  themselves  the 
power  of  placing  their  organs  in  positions  best  adapted  to  the  condi- 
tions of  their  environment.  That  is  only  possible,  however,  when  the 
externally  operative  forces  and  substances  can  so  influence  the  growth 
of  a  plant  that  it  is  constrained  to  take  certain  definite  directions. 

The  same  external  influences  excite  difl'erent  organs  to  assume 
quite  difl'erent  positions.  Through  the  influence  of  gravity,  the  tap- 
root grows  directly  downwards  in  the  soil,  while  the  lateral  roots  take 
a  more  or  less  diagonal  direction.  The  main  stem  grows  perpendi- 
cularly upwards  ;  it,  like  the  primary  root,  is  orthotropic.  The  lateral 
branches,  on  the  other  hand,  just  as  the  secondary  roots,  assume  an 
inclined  position  and  are  PLAGIOTROPIC.  The  apical  extremities  of 
shoots  are  constrained  to  seek  the  source  of  light ;  the  leaves,  on  the 
contrary,  under  the  same  influence  place  their  surfaces  transversely  to 
the  direction  of  the  rays  of  light. 

The  difl'erent  positions  assumed  by  an  organ  when  acted  upon 
by  external  influences  has  been  termed  by  Sachs  anisotropy.  In 
addition  to  the  purely  morphological  structure  of  the  plant  body, 
anisotropy  also  determines  essentially  its  external  form  and  appearance. 

That  all  these  paratonic  movements  cannot  result  merely  from  the 
action  of  external  forces  alone  will  be  at  once  recognised  if  it  be  taken 
into  consideration  that  anisotropic  but  in  other  respects  similar 
organs  are  aff'ected  difl'erently  by  the  same  influences,  and  that  even 
the  same  organs  react  difl'erently  at  difl'erent  ages  ;  and  that,  moreover, 
the  external  forces  produce  eff'ects  which  bear  no  relation  to  their 
usual  physical  and  chemical  operations.  It  will,  on  the  contrary,  be 
at  once  apparent  that  they  are  rather  the  result  of  definite  processes 
of  growth,  arising  from  an  irritability  to  stimuli  induced  by  external 
influences  (cf.  p.  161). 

In  order  that  external  influences  may  produce  such  stimuli, 
plants  must  be  sensitive  to  stimuli,  that  is,  the  stimuli  must  produce 
in  them  certain  modifications  with  which,  in  turn,  certain  definite  vital 
actions  are  connected.  The  precise  manner  in  which  an  external  influ- 
ence produces  an  internal  stimulation  within  an  organism  is  not  at 
present  known.  In  order  that  an  external  physical  force  can  operate  as 
a  stimulus,  there  must  exist  within  the  living  substance  definite  struc- 
tures or  organs  which  are  influenced  by  it.  When  the  position  of  an 
organ  is  dependent  upon  the  direction  of  an  external  influence,  its 
sensitive  structure  must  possess  polarity.  But  for  such  a  polar  struc- 
ture to  be  of  any  eff'ect,  it  must  have  a  definite  orientation ;  so  it  is 
necessary  to  assume  that  the  directive  stimuli  are  receiyed  by 
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THE  RESTING  PORTIONS  OF  THE  PROTOPLASM,  THAT  IS,  BY  THE  SURFACE 

LAYER.  The  movements  of  growth  occasioned  by  external  stimuli  are, 
for  the  most  part,  movements  in  response  to  directive  stimuli  which 
lead  to  a  definite  jjosition  of  the  organ,  relatively  to  the  direction  of 
the  operative  influence.  The  principal  external  stimuli  that  come  into 
consideration  are  light  (and  electricity),  heat,  gravity,  chemical  influ- 
ences (oxygen,  nutritive  substances,  water,  etc.),  impact  and  friction. 

As  the  points  of  greatest  irritability  in  plants  or  their  organs  are  often  more  or 
less  removed  from  the  points  where  the  effect  of  the  stimulation  is  manifested,  a 
propagation  of  the  stimulation  must  take  place.  Thus,  a  stimulus  received  by  a 
non-motile  organ  may  be  conveyed  to  an  organ  capable  of  motion,  and  there  produce 
movement.  In  the  case  of  roots,  for  example,  the  geotropic  stimulus  is  received 
by  the  non-motile  root-tip,  while  the  movement  is  induced  in  the  part  of  the  root 
in  process  of  elongation. 

The  capacity  of  organs  to  assume  a  definite  direction  by  means  of 
curvatures  of  growth  is  distinguished,  according  to  the  nature  of  the 
particular  inciting  stimulus,  as  heliotropism,  geotropism,  hydrotropism, 
etc.  ;  and  these  again  are  either  positive  or  negative,  according  as  the 
direction  taken  by  the  curvature  is  towards  or  away  from  the  irritating 
stimulus  ;  while  plant  organs  which  place  themselves  more  or  less 
transversely  to  the  line  of  action  of  the  operative  forces  are  termed 
diatropic.  As  a  special  result  of  diatropism,  a  transverse  position  is 
assumed  which  is  exactly  at  right  angles  to  the  direction  in  which 
the  influence  which  acts  as  the  stimulus  is  exerted.  Dorsiventral 
organs,  in  particular,  exhibit  a  tendency  to  assume  diatropic  and  even 
transverse  positions. 

A.  Heliotropism 

The  importance  of  light  to  plant  life  is  almost  incalculable.  It  is 
not  only  absolutely  essential  for  the  nutrition  of  green  plants,  but  it 
has  also  a  powerful  effect  upon  the  growth  and  general  health  of  the 
plant  organs.  Deprived  of  light  for  any  length  of  time,  leaves  and 
flowers  usually  fall  off ;  fully  developed, ,  vigorous  organs  of  green 
plants  soon  become  yellow  in  the  dark,  and  droop  and  die.  Prolonged 
darkness  acts  like  a  poison  upon  those  portions  of  plants  accustomed 
to  the  light.  On  the  other  hand,  exactly  the  reverse  is  true  of  plants 
or  organs  whose  normal  development  is  accomplished  in  darkness. 
Upon  them  the  light  has  a  most  injurious,  even  fatal,  effect,  as  may  be 
easily  observed  in  the  case  of  Fungi  and  Bacteria.  The  hygienic 
importance  of  daylight  in  dwelling-places  is  due  to  the  destructive 
action  of  light  upon  such  forms  of  plant  life.  That  some  plants  seek 
the  light,  while  others  avoid  it,  is  not  surprising  in  view  of  the 
adaptability  which  organisms  usually  exhibit  in  respect  to  the  in- 
fluences with  which  they  come  in  contact  in  the  natural  course  of  their 
development. 

A  good  opportunity  for  the  observation  of  heliotropic  phenomena 
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is  afforded  by  ordinary  window-plants.  The  stems  of  such  plants  do 
not  grow  erect  as  in  the  open  air,  but  are  inclined  towards  the  window, 
and  the  leaves  are  all  turned  towards  the  light  as  if  seeking  help.  The 
leaf-stalks  and  stems  are  accordingly  positively  heliotropic.  In 
contrast  with  these  organs  the  leaf-blades  take  up  a  position  at  right 
angles  to  the  rays  of  light  in  order  to  receive  as  much  light  as  possible. 
They  are  diaheliotropic,  or  transversely  heliotropic,  in  the  strictest 
sense  (Fig.  201).  If  among  the  plants  there  should  be  one  with  aerial 
roots,  Clilorophytuin  for  instance,  an  example  of  negative  HELIOTROPISM 
will  be  afforded,  as  the  aerial  roots  will  be  found  to  grow  away  from 
the  window  and  turn  towards  the  room. 

For  more  exact  investigation  of  heliotropic  movements  it  is 
necessary  to  be  able  to  control  more  accurately  the  source  and  direction 


Fig.  201. — Heliotropic  curvature  of  a  seedling  of  Galium  Apariite,  resulting  from  one-sided  illumina- 
tion ;  in  1  the  apex  is  in  a  line  with  the  direction  of  the  light,  the  leaves  at  right  angles  to  it; 
i)i  2,  with  the  illumination  from  the  opposite  direction,  the  same  plant  has  quickly  changed  the 
position  of  its  ajiex,  while  the  cotyledons  are  only  beginning  to  assume  their  heliotropic 
position.    (Somewhat  enlarged.) 

of  the  light.  This  can  be  best  accomplished  by  placing  the  plants  in 
a  room  or  box,  lighted  from  only  one  side  by  means  of  a  narrow 
opening  or  by  an  artificial  light.  It  then  becomes  apparent  that  the 
direction  of  the  incident  rays  of  light  determines  the  heliotropic 
position ;  every  alteration  in  the  direction  of  the  rays  produces  a 
change  in  the  position  of  the  heliotropic  organs. 

The  apical  ends  of  positively  heliotropic  organs  will  be  found  to 
take  up  the  same  direction  as  that  of  the  rays  of  light. 

The  exactness  with  which  this  is  done  is  illustrated  by  an  experiment  made 
with  Piloholus  crystallinus.  The  sporangiophores  of  this  Fungus  are  quickly 
produced  on  moist  horse  or  cow  dung.  They  are  positively  heliotropic,  and  turn 
their  dark  sporangia  towards  the  source  of  light.  When  ripe  these  sporangia  are 
shot  away  from  the  plant,  and  will  be  found  thickly  clustered  about  the  centre  of 
the  glass  covering  a  small  ajjerture  through  which  the  light  has  been  admitted  ;  a 
proof  that  the  sporangiophores  wre  all  previously  pointed  exactly  in  that  direction. 

Upon  closer  investigation  of  the  manner  in  which  the  POSITIVE 
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HELIOTROPIC  CURVATURE  of  an  organ  is  accomplished,  it  is  found  that 

THE  SIDE  TURNED  TOWARDS  THE  LIGHT  GROWS  MORE  SLOWLY,  THE  SIDE 
AWAY  FROM  THE  LIGHT  MORE  RAPIDLY  THAN  WHEN  ILLUMINATED 
FROM  ALL  SIDES.  This  may  be  readily  shown  by  previously  marking 
with  Indian  ink  regular  intervals  from  one  to  two  millimetres  apart 
on  the  opposite  sides  of  the  organ.  After  the  curvature  has  taken 
place  the  intervals  between  the  marks  will  be  found  to  be  much 
farther  apart  on  the  shaded  side  than  on  the  side  turned  to  the 
light.  As  compared  with  the  elongation  under  normal  conditions 
of  growth,  the  marks  on  the  illuminated  side  have  remained  nearer 
together,  while  those  on  the  shaded  side  have  drawn  farther  apart ; 
that  is,  the  growth  in  the  case  of  a  positive  heliotropic  curvature  has 
been  retarded  on  the  illuminated  side  and  promoted  on  the  shaded 
side.    It  also  becomes  evident,  from  observation  of  the  ink -marks, 

THAT  CURVATURE  TAKES  PLACE  ONLY  IN  THE  PORTIONS  OF  STEMS 
STILL  IN  PROCESS  OF  GROWTH,  AND  THAT  THE  CURVATURE  IS  GREATEST 

WHERE  THE  GROWTH  IS  MOST  VIGOROUS  (Fig.  201).  The  curvature  is 
then  only  a  result  of  unequal  growth  induced  by  one-sided  illumination. 

It  was  formerly  believed  that  the  increased  growth  of  the  shaded  side  was  pro- 
duced by  the  beginning  of  etiolation,  and  that  the  diminished  growth  on  the  illumin- 
ated side  was  due  to  the  retarding  effect  which  light  exerts  upon  growth  in  length 
(p.  234).  Other  heliotropic  phenomena  were  found  to  be  at  variance  with  this 
explanation  of  heliotropism.  Unicellular  perfectly  transparent  Fungus  liyphse  are 
also  subject  to  positive  heliotropic  curvature,  although  in  this  instance  there  can 
be  no  shaded  side  ;  on  the  contrary,  the  side  of  a  hypha  turned  away  from  the 
light  is  especially  illuminated  on  account  of  the  refraction  of  the  light  rays.  The 
fact,  too,  that  negative  heliotropic  curvatures  also  take  place  renders  it  evident  that 
heliotropism  cannot  be  due  to  one-sided  etiolation  ;  for  in  negative  heliotropism 
the  side  most  directly  illuminated  is  the  one  that  grows  more  rapidly,  although 
the  retarding  effect  of  light  on  the  normal  growth  in  length  of  negatively  heliotropic 
organs  is  equally  operative  (roots,  rhizomorpha). 

It  is  evident  from  these  considerations  that  it  is  not  the  difference 
in  the  intensity  of  the  light  which  causes  the  heliotropic  curvatures, 
but  the  direction  in  which  the  most  intense  light  rays  enter  the  organs. 
Light  acts  as  a  motory  stimulus  when  it  penetrates  an  organ 
IN  any  other  direction  than  that  which  corresponds  with  the 
position  of  heliotropic  equilibrium. 

The  heliotropic  curvatures  are  most  strongly  produced,  just,  as 
in  the  case  of  the  heliotactic  movements  of  freely  moving  swarra- 
spores,  by  the  blue  and  violet  rays,  while  red  and  yellow  light  exerts 
only  an  extremely  slight  influence,  or  none  at  all.  It  is  due  to 
the  fact  that  the  red-yellow  and  blue-violet  rays  are  always  present 
together  in  daylight,  that  the  heliotropism  of  the  leaves  is  of  advantage 
to  their  assimilatory  activity. 

Sensibility  to  heliotropic  influences  is  prevalent  throughout  the 
vegetable  kingdom.    Even  organs  like  the  roots  of  trees,  which  are 
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never  under  ordinary  circumstances  exposed  to  the  light,  often  exhibit 
heliotropic  irritability.  Positive  heliotropism  is  the  rule  with  aerial 
vegetative  axes.  Negative  heliotropism  is  much  less  frequent ;  it  is 
observed  in  aerial  roots,  and  sometimes  also  in  climbing  roots  (Ivy, 
Ficus  sfijmlata,  Begonia  scandeiis),  in  the  hypocotyl  of  germinating 
Mistletoe,  in  many,  but  not  all,  earth  roots  (Sinapis,  Helianthus),  in 
tendrils  (chiefly  in  those  ^yith  haptera  or  holdfasts),  and  in  the  stems 
of  some  tendril -climbers.  By  means  of  their  negative  heliotropic 
character,  the  organs  for  climbing  and  attachment  turn  from  the  light 
towards  their  support,  and  are  pressed  firmly  against  it. 

Negative  heliotropic  curvatures  are  occasionally  produced,  not  in  the  region  of 
most  rapid  growth,  but  in  the  older  and  more  slowly  growing  portions  of  the  stem. 
The  stems  of  I'ropacoluni  imijiis,  for  example,  exhibit  positive  heliotropic  curvatures 
in  the  region  of  their  greatest  elongation  ;  but  lower  down  the  stems,  with  the 
retardation  of  their  growth,  they  become  negatively  heliotropic. 

Transverse  heliotropism  is  confined  almost  solely  to  leaves  and 
leaf-like  assimilatory  organs,  such  as  Fern  prothallia  and  the  thalli  of 
Liverworts  and  Algae.  In  these  organs  transverse  heliotropism,  in 
conformity  with  its  great  utility  for  assimilating,  predominates  over  all 
other  motory  stimuli.  Thus  it  is  possible  to  cause  the  leaf-blades  of  a 
Malva  or  a  Tropaeolum  to  turn  completely  over  by  illuminating  their 
under  surfaces  by  means  of  a  mirror.  The  leaf-blades  themselves, 
and  also  the  thalli  of  the  Crj^ptogams,  are  capable  of  carrying  on 
transversely  heliotropic  movements,  while  the  movements  of  the 
growing  portions  of  leaf-stalks  seem  to  be  influenced  by  their  leaf- 
blades. 

In  too  bright  light  the  transverse  position  of  the  leaves  becomes  changed  to  a 
position  more  or  less  in  a  line  with  the  direction  of  the  more  intense  light  rays. 
In  assuniini;-  a  more  perpendicular  position  to  avoid  the  direct  rays  of  the  mid-day 
sun,  the  leaf-bhules  of  Laciiica  ScarioJa  and  the  North  American  Silpliium  lacinia- 
tum  necessarily  take  the  direction  of  north  and  south,  and  so  are  often  referred  to 
as  COMPASS  PLAKTS.  (As  regards  the  vertical  position  of  phyllodes,  in  connection 
with  which  may  be  mentioned  the  vertically-placed  leaves  of  many  Myrtaccac  and 
Proteaccac,  see  p.  195.) 

The  heliotropic  character  of  organs  may  change  through  the  activity 
of  external  influences,  and  also  at  different  stages  of  their  development 
and  growth  ;  just  as  in  the  case  of  the  heliotactic  swarm-spores,  the 
higher  plants  in  ordinary  light  may  be  positivel}^,  and  in  very  intense 
illumination  negatively  heliotropic.  The  j^oungest  portion  of  the  shoots 
of  Ivy  and  Tropaeolum  are  positively  heliotropic,  while  the  lower  and 
older  portions  turn  awa}^  from  the  light.  The  flower-stalks  of  Linaria 
cyuibalaria  are  at  first  positively  heliotropic.  After  pollination,  how- 
ever, they  become  negatively  heliotropic,  and  as  they  elongate  they 
push  their  fruits  into  the  crevices  of  the  walls  and  rocks  on  which 
the  plant  grows,  and  thus  assure  the  lodgment  of  the  seeds  and  the 
possibility  of  their  future  germination. 
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B.  Geotropism 

That  the  stems  of  trees  and  other  pUmts  should  grow  upwards  and 
their  roots  downwards,  is  such  a  familiar  occurrence  and  so  necessary 
for  the  performance  of  their  respective  functions  as  to  seem  almost  a 
matter  of  course.  Just  as  in  the  discovery  of  gravitation,  it  required 
an  especially  keen  spirit  of  inquiry  to  lead  to  the  investigation  of 
this  everyday  phenomenon.  The  fact  that  everywhere  on  the 
earth,  even  on  the  sides  of  the  steepest  mountains,  stems  take  a 
perpendicular  direction  ;  and  that,  while  buried  in  the  earth,  this  same 
direction  is  assumed  witli  certainty  by  germinating  seeds  and  growing 
shoots  ;  and  chiefly  the  fact  also  that  a  shoot,  when  forced  out  of  its 
upright  position,  curves  energetically  until  it  is  again  perpendicular, 
led  to  the  supposition  that  the  cause  of  these  phenomena  must  be  in  a 
directive  force  proceeding  from  tlie  earth  itself.  The  correspondence 
in  the  behaviour  of  a  stem  in  always  assuming  a  perpendicular  position, 
with  the  continued  maintenance  of  the  same  direction  by  a  plumb-line, 
suggested  at  once  the  force  of  gravitation,  and  the  English  investigator 
Knight,  in  1809,  demonstrated  that  the  attraction  of  gravitation,  in 
fact,  exerted  an  influence  upon  the  direction  of  growth.  As  Knight 
was  not  able  to  nullify  the  constantly  operative  influence  of  gravity 
upon  plants  and  so  directly  prove  its  influence,  he  submitted  them  to 
the  action  of  centrifugal  force — an  accelerative  force  operating  like 
gravity  upon  the  masses  of  bodies,  and  which  had,  in  addition,  the 
advantage  that  it  could  be  increased  or  diminished  at  will.  Knight 
made  use  of  rapidly  rotating,  vertical  wheels,  upon  wliich  he  fastened 
plants  and  germinating  seeds  in  various  positions.  The  result  of  his 
experiments  was  that  the  stems  all  turned  towards  the  centre  of  the 
wheel  and  the  roots  directly  away  from  it.  On  wheels  rotating  in  a 
horizontal  plane,  where,  in  addition  to  the  centrifugal  force,  the  one- 
sided action  of  gravitation  was  also  still  operative,  the  shoots  and 
roots  took  a  definite  middle  position  ;  tlie  shoots  and  roots  still  grew 
in  opposite  directions,  but  their  line  of  growth  was  inclined  to  the 
plane  of  rotation,  at  an  angle  dependent  upon  the  rotating  velocity. 
The  position  thus  assumed  was  evidently  the  result  of  the  combined 
action  of  the  centrifugal  force  and  gravity,  which  was  manifested  in 
the  directions  taken  by  the  plants  according  to  their  comparative 
strength  and  respective  influence  on  growth.  In  this  w^ay  it  was  posi- 
tively ascertained  that  terrestrial  gravitation  determines  the  positions 
of  plant  organs  in  respect  to  the  earth. 

Later,  it  was  also  shown  that  not  only  the  perpendicular  direction 
of  stems  and  primary  roots,  but  also  the  oblique  or  horizontal  direction 
taken  by  lateral  branches,  roots,  and  rhizomes,  is  due  to  a  peculiar 
reaction  towards  the  force  of  gravitation. 

The  property  of  plants  to  assume  a  definite  position  with  respect 
to  the  direction  of  gravitation  is  termed  GEOTROPISM.    It  is  customary 
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also,  as  in  the  case  of  heliotropism,  to  speak  of  j^ositive  and  negative 
geotropism,  diageotropism,  and  transverse  geotropism,  according  to 
the  position  assumed  by  the  plant  or  organ  with  respect  to  the  centre 
of  the  earth.  Still  another  form  of  geotropic  irritability,  lateral  geotro- 
pism, renders  possible  the  winding  of  stem-climbers. 

Negative  Geotropism.  —  All  vertically  upward  growing  organs, 
whether  stems,  leaves  {Liliiflorae),  flower-stalks,  parts  of  flowers,  or 
roots  (such  as  the  respiratory  roots  of  Avicennas,  Palms,  etc.),  are 
negatively  geotropic.  In  case  such  negatively  geotropic  organs  are 
forced  out  of  their  upright  position,  they  assume  it  again  if  still  capable 
of  growth.    As  in  heliotropism,  geotropic  curvature  results  from 

THE  INCREASED  GROWTH  OF  ONE  SIDE  AND  THE  RETARDED  GROWTH  OF 

THE  OPPOSITE  SIDE ;  and  the  region  of  greatest  growth  is,  in  general,  * 
also  that  of  the  greatest  curvature.  In  negatively  geotropic  organs, 
growth  is  accelerated  on  the  side  towards  the  earth  ;  on  the  upper  side 
it  is  retarded.  In  consequence  of  the  unequal  growth  thus  induced, 
the  erection  of  the  free -growing  extremity  is  effected.  After  the 
upright  position  is  again  attained,  the  one-sided  growth  ceases  and  the 
organ  continues  to  grow  in  an  upward  direction. 

The  process  of  negative  geotropic  movement  is  dependent :  (1)  upon  the  vigour 
of  the  existing  growth  ;  (2)  upon  the  sensibility  of  the  organ  ;  (3)  upon  the  fact 
that  the  stimulus  of  gravity  works  most  energetically  when  the  apex  of  the  ortho- 
tropic  organ  is  removed  about  135°  from  its  position  of  geotropic  equilibrium  ; 
the  more  nearly  the  zone  capable  of  curvature  approaches  this  position,  the 
stronger  is  the  motory  stimulus  ;  (4)  and,  also,  upon  the  fact  that  after  a  stimulus 
has  ceased  to  act  upon  a  plant,  the  induced  stimulation  continues  to  produce  so- 
called  AFTER-EFFECTS,  just  as  by  a  momentary  stimulus  of  light  an  after-perception 
persists  in  the  eye. 

These  considerations  determine  the  actual  course  of  the  directive  movement  of 
geotropism,  which,  as  will  be  seen  from  the  adjoining  figure  (Fig.  202),  does  not 
consist  merely  of  a  simple,  continuous  curvature.  "The  numbers  1-16  shoAV,  dia- 
grammatically,  different  stages  in  the  geotropic  erection  of  a  seedling  grown  in  semi- 
darkness  and  placed  in  a  horizontal  position  (No.  1).  The  growth  in  the  stem  of 
the  seedling  is  strongest  just  below  the  cotyledons,  and  gradually  decreases  towards 
the  base.  The  curvature  begins  accordingly  close  to  the  cotyledons,  and  proceeds 
gradually  down  the  stem  uutil  it  reaches  the  lower,  no  longer  elongating,  portions. 
Through  the  downward  movement  of  the  curvature,  and  partly  also  through  the 
after-effect  of  the  original  stimulus,  the  apical  extremity  becomes  bent  out  of  the 
perpendicular  (No.  7),  and  in  this  Avay  a  curvature  in  the  opposite  direction  takes 
place.  Thus,  under  the  influence  of  the  stimulus,  the  stem  bends  backwards  and 
forwards,  until,  finally,  the  whole  growing  portion  becomes  erect  and  no  longer 
subject  to  the  one-sided  action  of  the  geotropic  stimulus.  (A  good  example  of  ex- 
cessive curvature  beyond  the  vertical  is  afforded  by  vigorously  growing  aerial 
shoots  of  Rippuris  vulgaris.)  Analogous  plienomena  to  those  here  described  are 
exhibited  in  the  case  of  all  paratonic  curvatures  of  growth.  In  case  of  a  different 
distribution  and  rapidity  of  growth,  or  of  the  unequal  sensitiveness,  rigidity,  or 
thickness  of  the  organ,  as  well  as  in  the  case  of  a  difference  in  its  position  at  the 
commencement  of  the  curvature,  the  process,  as  indicated  in  the  figure,  is  corre- 
spondingly modified. 


SECT.  II 


PHYSIOLOGY 


257 


Positive  Geotpopism,  on  the  other 
hand,  is  observable  in  tap-roots,  in  many 
aerial  roots,  and  in  the  leaf-sheaths  of  the 
cotjdedons  of  many  monocotyledons  which 
penetrate  the  earth  daring  germination. 
All  these  organs,  when  placed  in  any  other 
position,  assume  a  straight  downward 
direction  and  afterwards  maintain  it. 
Formerly,  it  was  believed  that  this  re- 
sulted solely  from  their  weight  and  the 
pliancy  of  their  tissues.  It  is  now  known 
that  this  is  not  the  case,  and  that  posi- 
tive geotropic,  like  negatively  geotropic 
movements,  are  possible  only  through 
growth.  The  power  of  a  doAvnward 
curving  root- tip  to  penetrate  mercury 
(specifically  much  the  heavier),  and  to 
overcome  the  resistant  pressure,  much 
greater  than  its  own  weight,  proves  con- 
clusively that  positive  heliotropism  is  a 
manifestation  of  a  vital  process.  Posi- 
tive geotropic  curvature  is  due  to  the  fact 
that  THE  GROWTH  OF  AN  ORGAN  IX 
LENGTH  IS  PROMOTED  ON  THE  UPPER  SIDE, 
AND  RETARDED,  EVEN  MORE  STRONGLY, 
ON    THE    SIDE    TURNED    TO^VARDS  THE 

EARTH.  A  young  germinal  root  of  Vicia 
Faba,  growing  vertically,  elongated  equally 
on  all  sides  24  mm. ;  when  placed  hori- 
zontally, it  exhibited  a  growth  of  28  mm. 
on  the  upper  and  of  only  15  mm.  on  the 
lower  side.  A  root  of  Castanea  vesca, 
with  a  growth  in  a  vertical  direction  of 
20  mm.,  showed,  in  a  horizontal  position, 
a  growth  of  the  upper  side  of  28  mm. 
and  of  the  under  of  only  9  mm.  In 
these  experiments,  by  marking  with 
Indian  ink,  the  unequal  elongation  in  the 
downward  curvature  may  be  demon- 
strated by  the  greater  divergence  of  the 
marks  on  the  upper  than  the  lower 
side ;  it  is  also  evident  that,  as  in 
negative  heliotropism,  the  curvature 
takes  place  in  the  region  of  greatest 
elongation  (Fig.  203).  As  the  portion 
of  a  root  capable  of  elongation  is  very 

S 


Fig.  202.— Diftereiit  stages  in  the  pro- 
cess of  geotropic  niovenient.  The 
figures,  1  -  IG,  indicate  successive 
stages  in  the  geotropic  curvature  of 
a  seedling  grown  in  semi-darkness  ; 
at  1,  placed  horizontally  ;  at  IG,  ver- 
tical. For  description  of  intermedi- 
ate stages,  see  text.  (Diagrammatic.) 

short,  no  excessive  over- 
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curvature,  as  in  the  case  of  negatively  geotropic  stems,  takes 
place. 

Diageotropism. — Most  lateral  branches  and  roots  of  the  first  order 
are  diageotropic,  while  branches  and  roots  of  a 
higher  order  stand  out  from  their  parent  organ 
in  all  directions.    Diageotropic  organs  are 

ONLY  IN  A  POSITION  OF  EQUILIBRIUM  WHEN 
THEIR  LONGITUDINAL  AXES  FORM  A  DEFINITE 
ANGLE    WITH    THE    LINE    OF    THE    ACTION  OF 

GRAVITY.  If  forced  from  their  normal  inclina- 
tion they  return  to  it  by  curving.  A  special 
instance  of  diageotropism  is  exhibited  by 
strictly  horizontal  organs,  such  as  rhizomes  and 
stolons,  which  show  a  strictly  transverse  geo- 
TROPISM,  and,  if  removed  from  their  normal 
position,  their  growing  tips  always  return  to  the 
horizontal.  A  more  complex  form  of  geotropic 
orientation  is  manifested  hy  dorsiventral  organs. 
These,  in  contrast  to  radial  organs,  such  as  most 
Fig.  203.  —  Geotropic  curva-  roots  and  stems,  are  not  developed  on  a  uni- 

tureoftherootofaseedlin.i^    r  i  n     •  i       i    j.     v         j.  ii 

of  Vicia  Faba.    I,  Placed   ^^^^  P^^^^  S^^^^'  '^"^  ^^^^^^  ^^^'^  USUally 

horizontally;    //'    after  externally  perceptible  different  sides — a  dorsal 


iven  hours  ;  III,  after 
twenty-three  hours ;  Z,  a 
fixed  index.  (After  Sachs.) 


and  a  ventral  side.  The  foliage  leaves  of 
most  dicotyledons  and  zygomorphic  flowers 
{Antirrliimim,  Aconitum,  etc.)  furnish  pronounced 
examples  of  dorsiventral  structure.  All  such  dorsiventral  organs, 
just  as  radial  organs  that  are  diageotropic,  form  a  definite  angle 
Avith  the  direction  of  gravity,  but  are  only  in  equilibrium  when 
the  dorsal  side  is  uppermost.  If,  in  spite  of  the  proper  inclination  of 
the  longitudinal  axis,  the  dorsal  side  should  lie  underneath,  it  elongates 
until  it  comes  back  again  into  a  dorsal  position. 

A  state  of  torsion  often  results  from  the  orientation  movements  of  dorsiventral 
organs  to  recover  from  abnormal  positions.  Similarly,  a  torsion  must  also,  of  neces- 
sity, occur  when  a  geotropic  organ,  which  has  become  curved  over  toward  its  ])arent 
axis,  turns  itself  about  so  as  to  face  outwards  (exotropism).  The  rotation  of  the 
ovaries  of  many  Orchidaceae,  of  the  flowers  of  the  Lobcliaeeac,  of  the  leaf-stalks  on 
all  hanging  or  oblique  branches,  of  the  originally  reversed  leaves  (with  the  palisade 
parenchyma  on  the  under  side)  of  the  Alstroemeriae,  and  ot'  AUiion  ui'si/ium,  all 
aflbrd  familiar  examples  of  torsion  regularly  occurring  in  the  process  of  orientation. 

Stem  -  Climbers.  —  In  addition  to  the  better  -  known  forms  of 
geotropism  already  mentioned,  stem-climbers  exhibit  a  peculiar  and 
only  recently  recognised  geotropic  movement,  by  means  of  which  they 
are  enabled  to  twine  about  upright  supports.  This  movement  depends 
upon  the  geotropic  promotion  of  the  growth  of  one  side  (not,  as  in 
negative  or  positive  geotropism,  of  the  upj^er  or  lower  portions).  Thus 
a  geotropic  curvature  in  a  horizontal  plane  is  produced  (lateral  GEO- 
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tropism),  resulting  in  a  revolving  motion  of  the  shoot  apex.  Stem- 
climbers  occur  in  very  different  plant  families  ;  and  although  an  upward 
growth  is  essential  to  their  full  development,  which  they  do  not  attain 
if  left  on  the  ground,  their  stems  are  not  able  of  themselves  to  main- 
tain an  erect  position.  The  erect  stems  of  other  plants,  which  often 
secure  their  own  rigidity  only  through  great  expenditure  of  assimilated 
material,  are  made  use  of  by  stem-climbers  as  supports  on  which  to 
spread  out  their  assimilatory  organs  in  the  free  air  and  light.  The  utili- 
sation of  a  support  produced  by  the  assimilatory  activity  of  other  plants 
is  a  peculiarity  they  possess  in  common  with  other  climbers,  such  as 
tendril-  and  root-climbers.  Unlike  them,  however,  the  stem-climbers  ac- 
complish their  purpose,  not  through  the  use  of  lateral  clinging  organs,  but 
by  the  capacity  of  their  main  stems  to  twine  about  a  support.  The  first 
internodes  of  young  stem-climbers,  as  a  rule,  stand  erect.  By  further 
growth  the  free  end  curves  energetically  to  one  side,  and  assumes  a 
diageotropic,  more  or  less  oblique  or  horizontal  position.  At  the  same 
time  the  inclined  apex  begins  to  revolve  in  a  circle  either  to  the  right 
or  to  the  left.  This  is  the  movement  which  it  has  been  customary  to 
speak  of  as  "revolving  nutation,"  but  which  it  is  better  to  term 
REVOLVING  MOVEMENT.  The  expression  "  nutation  "  is  not  in  this  case 
correct,  as  by  it  are  understood  autonomic  movements ;  while  the 

REVOLVING  MOVEMENTS  OF  STEM -CLIMBERS  RESULT  FROM  THE  EX- 
TERNAL SIMULUS  OF  GEOTROPISM,  which  causes  a  promotion  of  growth 
in  either  the  right  or  left  side  of  the  young  internodes  of  the  inclined 
shoot  apex.  As  a  result  of  this,  a  movement  towards  the  other  side 
is  induced.  On  account  of  the  direct  connection  of  the  apex  of  the  shoot 
with  the  lower  erect  internodes,  this  revolving  movement  necessarily 
gives  rise  to  a  similar  rotation  of  the  revolving  apex  on  its  longitudinal 
axis.  Through  this  rotation  the  torsion,  which  would  otherwise  be 
produced  by  the  revolving  movement  of  the  inclined  tip  of  the  shoot, 
is  released.  (This  process  will  at  once  become  apparent  by  imitating 
the  movement  with  a  rubber  tube.)  Thus  the  apex  of  a  stem-climber 
sweeps  round  in  a  circle  like  the  hand  of  a  watch,  and  rotates  at  the 
same  time  like  the  axle  to  which  the  hand  is  attached.  Through  this 
rotation  of  the  shoot  apex,  the  part  of  the  stem  subjected  to  the 
action  of  the  lateral  geotropism  is  constantly  changing ;  and  the  revolv- 
ing movement  once  begun,  must  continue,  as  no  position  of  equilibrium 
can  be  attained. 

Witliout  the  constant  and  unchanging  action  of  gravitation  in  determining  the 
direction  of  the  revolving  movement,  the  twining  of  a  shoot  continuously  about  a 
support  is  hardly  conceivable.  It  is  accordingly  not  without  reason  that  the  re- 
volving movement  is  a  continuous,  fixed,  geotropic  movement,  and  not  an  autonomic 
nutation  without  definite  directive  force.  Lateral  geotropism  is  a  physiological 
requisite  for  the  climbing,  and  the  existence  of  stem-climbers  as  such  is  dependent 
upon  this  peculiar  form  of  geotropism.  To  this  dependence,  however,  is  also  due 
the  fact  that  stem-climbers  can  only  twine  about  upright  or  slightly  inclined  sup- 
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ports.  This  is,  it  is  true,  a  limitation  to  their  power  of  clinibingj  but  one  which 
is  not  without  advantage,  for  the  phmts  are  thus  constrained  to  ascend  to  freer 
light  and  air. 

When  an  upright  support  occurs  anywhere  in  the  immediate  neigh- 
bourhood of  the  apex  of  a  climbing  shoot  it  is  sure  to  be  discovered.  The 
apical  extremity,  of  which  the  movement  is  but  little  disturbed  by  the 
^  ^  leaves,  which  remain  for  a  long  time  undeveloped, 

^^^^^^       is  forced  by  its  lateral  geotropism  against  the 
support,  and  by  its  next  revolutions  twines  around 
it.     If  the  support  be  thin,  the  coils,  at  first 
41  almost  horizontal,  are  only  loosely  wound  about 

'1^^  it.    Later  they  become  more  spiral,  and  so  wind 

more  tightly.    This  is  accomplished  by  the  ulti- 
mate  predominance  of  negative  geotropism  in 
^^y^  the  coiled  portions  of  the  stem,  Avhich  tends  con- 

W'^^^  tinually  to  draw  out  the  coils  and  make  the 

stems  upright.    This  action  of  negative  geotro- 
pism  is  well  shown  in  the  case  of  shoots  Avhich 
^fe  have  formed  free  coils  without  a  support  (Fig. 

^  204).    By  the  resistance  ofi'ered  by  the  supports 

,M  to  the  complete  elongation  of  the  spiral  stems, 

mk  the  shoots  are  held  firmly  in  position.    In  many 

f|.  twining  plants  the  roughness  of  their  surfaces 

^    ^„     ^  ^      ,  (due    to    hairs,  bristles,   hooks,  furrows)  also 

Fig.  -iO-i.— Free  coils  formed    ^     .  .  '       .  '        i  t  t  i 

byasbootof/pojuocoiUM--  assists  lu  preveutuig  the  shoots  sliding  doAvn 
i7//,(V'.  (From  detmer's  their  supports.  The  autonomic  torsion  arising 
ih,i.snji.],„ct.)  ^1^^  older  portions  of  the  stems  is  also  of 

assistance  in  holding  climbing  plants,  especially  those  with  furrowed 
stems,  tightl}'  wound  about  their  supports.  The  twining  of  stem- 
climbers,  as  well  as  the  attachment  to  their  supports,  is  due  to  geo- 
tropic  processes  of  growth,  and  not,  as  in  tendril-climbers,  to  contact 
stimuli. 

In  addition  to  the  autonomic  torsions,  a  torsion  from  purely  mechanical  causes 
is  necessarily  manifested  in  the  elongation  of  the  coils  of  a  twining  stem  which  are 
at  first  nearly  horizontal,  so  far  at  least  as  it  is  not  equalised  by  the  free  movement 
of  the  apex.  (To  make  this  form  of  torsion  apparent,  it  is  only  necessary  to  hold 
firmly  the  inner  end  of  a  horizontal  coil  of  rubber  tubing,  and  draw  out  the  other 
end  until  the  tube  is  straight.  If  a  mark  has  previously  been  drawn  along  one  side, 
say  the  convex  side  of  the  tube,  its  i)osition,  after  the  tube  has  been  extended, 
will  show  clearly  the  actual  torsion  that  has  taken  place. ) 

From  their  manner  of  winding,  stem  -  climbers  can  twine  only 
around  slender  or,  at  the  most,  moderatel}'  thick  supports.  Here 
again  is  a  limitation  to  their  powers  of  climbing ;  but  in  this  instance 
also  the  limitation  has  its  advantages,  for  by  climbing  the  trunks  of 
large  shade  trees,  these  plants,  which  require  the  unobstructed  light, 
would  be  placed  in  an  unfavourable  position. 
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The  direction  of  the  revolving  movements,  and  accordingly  also  of 
the  windings,  of  most  stem-climbers  is  constant.  The  twining  stems 
are  for  the  most  part  sinistrorse  {Convolvulus,  Phaseolus,  Pharhitis, 
etc.).  Seen  from  above,  the  windings  run  from  the  north  towards  the 
west  ;  that  is  just  the  reverse  of  the  movement  of  the  hands  of  a  watch. 
Viewed  from  the  side,  the  windings  ascend  the  support  from  the  left 
below  to  the  right  above  (Fig.  205).    Dextrorse  stem-climbers  with 


Fig.  205. — A  sinistrorse  stem-climber,  Fig.  -206. — A  dextrorse  stem-climber, 
Pharbitis  hispida.  Tlie  upper  MijisiphijUum  asparagohlcs.  Tlie 
leaves  remain  small  for  a  long  short  lateral  shoots  liave  de- 
time,  veloped  phyllocladia. 

windings  from  east  to  west  occur  less  frequently  (Hop,  Honeysuckle, 
Polygonum  Convolvulus,  etc.).  In  the  example  chosen  for  illustration 
{Mijrsipliijlliim  aspamgoides,  Fig.  206)  the  undeveloped  condition  of  the 
lateral  members  in  comparison  with  the  elongated  internodes  of  the 
stem  is  very  apparent.  A  very  few  plants,  such  as  Blumenhachia 
laferifia,  Hihhertia  dentafa,  and  Scyphantus,  seem  able  to  climb  equally  well 
either  to  the  right  or  to  the  left.  A  similar  irregularity  is  shown  in 
Solanurn  Didramara,  which,  however,  rarely  winds,  and  then  only  under 
special  circumstances. 
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Wlieii  the  apex  of  a  sinistrorse  shoot  ])oints  towards  the  north,  it  is  the  east 
side  of  which  the  growth  is  promoted  by  geotropisiii  ;  in  dextrorse  climbers,  on  tlie 
contrary,  the  groAvth  of  the  west  side  is  more  rapid.  That  the  same  stimnhis  ati'ects 
in  different  ])lants  the  growtli  of  0})posite  sides,  may  be  explained  by  the  difference 
in  the  arrangement  of  their  irritable  structures  (through  their  reversed  position) 
witliin  the  organ.  From  the  fact  that  the  promotion  of  growth  occurs  always  on 
the  same  side,  it  will  be  apparent  that  the  apex  of  an  inverted  twining  stem  must 
unw'ind  from  its  support.  (Concerning  the  behaviour  of  stem -climbers  on  the 
Klinostat,  compare  p.  264.) 

Curvature  of  Grass -Haulms. — All  the  examples  of  geotropic 
movements,  so  far  observed,  took  place  in  the  growing  portions  of 
plants,  and  whether  occurring  in  unicellular  or  multicellular  organs, 
were  due  to  a  disturbance  of  the  course  of  growth.  A  curvature  even 
of  lignified  twigs  can  also  be  produced  by  the  one  -  sided  stronger 
growth  of  the  cambium  and  of  the  young  secondary  tissues.  Even 
many -year -old  branches  of  Conifers  are  all  able,  although  slowly,  to 
exhibit  geotropic  curvatures.    The  nodp:s  of  grasses  show  that 

RESTING   TISSUES  ALSO   CAN   BE   EXCITED   TO   NEW  GROWTH  BY  THE 

STIMULUS  OF  GRAVITATION.  The  knot-like  swellings  on  the  haulms 
of  the  Grasses  are  not  nodes  in  a  morphological  sense,  but  are 
cushion -like  thickenings  of  the  leaf- sheaths  above  their  actual  in- 
sertion on  the  shoot  axis.  The  j^art  of  the  stem  thus  enveloped 
is  very  tender  and  flexible.  When  a  grass-haulm  is  laid  horizontally, 
which  not  unfrequently  occurs  through  the  action  of  the  wind  or 
rain,  the  nodes  will  begin  to  exhibit  an  energetic  growth  on  their 
lower  sides.  As  the  upper  sides  of  the  nodes  take  no  part  in  the 
growth,  but  are  instead  frequently  shortened  through  pressure  and 

loss  of  water,  knee -like  curvatures  are 
formed  at  the  nodes,  by  means  of  which 
the  haulm  is  again  quickly  brought  to  an 
erect  position  (Fig.  207).  In  this  way  laid 
corn  is  able  to  right  itself.  Similar  curva- 
tures to  those  of  the  grass  nodes  may 
be  produced  in  the  true  nodes  of  the  grass- 
like Dianfhi,  and  of  the  Polygonaceae  {Poly- 
gonum, Piumex)  and  Commelinaceae  (Tmde.<- 
cantia). 

Modifications  in  the  character  of  the  geo- 
tropism,  as  of  the  heliotropism,  of  an  organ 
may  be  occasioned  by  the  operation  of  in- 
ternal as  well  as  external  influences.  Such 
changes  in  their  geotropic  position  frequently 
occur,  as  YocHTiNG  has  demonstrated,  dur- 
ing the  development  of  flower-buds,  flowers,  and  fruits  (buds  and  flowers 
of  Papaver,  flowers  and  fruits  of  Aqiiilegia,  Delphinium,  Aconitum,  and 
in  the  burial  of  the  fruit  of  Trifolium  siibterraneiwi,  Arachis  hypogaea,  etc.). 


0 


Fig.  207. — Geotropic  erection  of  a 
grass-hauliu  by  the  curvature  of 
a  node.  1,  Placed  horizontally, 
both  sides  (h,  o)  of  the  node 
being  of  equal  length ;  2,  the 
under  side  {n)  lengthened,  the 
upper  siilf  (><)  somewhat  short- 
ened ;  as  a  result  of  the  curvature 
tlie  gr;iss-luiulni  has  been  raised 
through  an  angle  of  75°. 
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Of  the  changes  in  the  geotropic  conditions  of  plant  organs  due  to 
external  causes,  those  are  particularly  noticeable  which  result  from  a 
failure  of  a  sufficient  supply  of  oxygen,  by  which,  for  example,  roots 
and  rhizomes  are  made  negatively  geotropic.  And  even  more  im- 
portant are  the  modifications  arising  from  the  action  of  light,  by 
which  the  geotropic  irritability  of  rhizomes  and  foliage  leaves  may 
be  so  modified  or  weakened  as  to  permit  of  more  advantageous 
heliotropic  positions. 

C.  Hydrotropism,  Caloritropisin,  Thennotrojmm,  etc. 

Whenever  any  external  force  or  substance  is  important  to  the 
vital  activity  of  a  plant  or  any  of  its  organs,  there  will  also  be  found 
to  be  developed  a  corresponding  irritability  to  their  influences.  Koots 
in  dry  soil  are  diverted  to  more  favourable  positions  by  the  presence 
of  greater  quantities  of  moisture.  The  force  of  this  POSITIVE  HYDRO- 
TROPISM may  be  so  great  as  to  overcome  the  geotropic  equilibrium  of  the 
roots,  and  thus  give  rise  to  hydrotropic  curvatures.  Conversely,  the 
sporophores  of  many  mould  Fungi  avoid  moisture.  To  this  property  is 
due  the  fact,  so  advantageous  for  the  distribution  of  the  spores,  that 
their  sporangiophores  grow  directly  away  from  a  moist  substratum. 
Corresponding  to  the  chemotactic  irritability  of  Bacteria  and  spermato- 
zoids,  roots,  fungus  hyphse,  and  pollen  tubes  exhibit  positive  and 
negative  chemotropic  curvatures.  These  vary  according  to  the 
concentration  of  the  solution,  so  that  an  attractive  substance,  at  a 
higher  concentration,  may  act  repulsively.  Thermotropism  (due  to 
the  stimulus  of  heat),  Rheotropism  (occasioned  by  the  direction  of 
water  currents),  and  Aerotropism,  a  form  of  chemotropism,  are 
additional  phenomena,  which  have  been  distinguished  as  arising  from 
the  special  action  of  external  stimuli,  and  which  stand  in  direct  rela- 
tions to  certain  vital  requirements  of  plants. 

In  the  case  of  electkoi'ISM,  which  lias  also  been  demonstrated  in  plants,  no 
such  essential  relations  have  been  discovered  ;  the  disposition  of  plant  organs  in  a 
direction  contrary  to  that  of  an  electric  current,  seems  in  no  way  to  affect  their 
growth.  The  fact  of  the  existence  of  electropism  in  plants  shows  clearly  that  an 
irritability  may  be  present,  from  which  no  direct  benefit  is  ordinarily  derived,  and 
which  accordingly  could  not  have  been  attained  by  natural  selection. 

D.  The  Method  of  Sloio  Botation — The  Klinostat 

All  the  curvatures  of  growth  previously  discussed  have  been  in- 
duced by  the  one-sided  action  of  stimuli,  the  source  of  which  determined 
the  direction  of  the  movements  as  well  as  the  position  of  equilibrium. 
An  influence  operating  equally  on  all  sides  is  unable  to  produce  a 
curvature  in  an  organ  of  which  the  irritability  is  equally  developed  on 
all  sides.    In  like  manner  no  curvatures  can  take  place  when  the  plant  is 
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uniformly  rotated,  with  a  velocity  sufficient  to  preclude  the  continuous 
operation  of  a  stimulus  on  any  one  point  long  enough  to  occasion  a 
one-sided  growth.  As  in  that  case,  no  one  side  will  be  exclusively 
acted  upon,  but  the  growth  of  all  will  be  equally  promoted  or  retarded  ; 
the  action  of  external  influences,  although  exerted  in  only  one  direction, 
will  be  equalised.  On  this  account  the  "method  of  slow  rotation,"' 
originally  instituted  by  Sachs,  is  of  great  assistance  in  the  observation 
and  investigation  of  the  phenomena  of  movements.  By  means  of  it, 
heliotropic  movements  due  to  one-sided  illumination  may  be  prevented 
without  the  necessity  for  either  exposing  the  plants  to  the  injurious 
effects  of  continued  darkness,  or  providing  for  an  equal  illumination  on 
all  sides.  This  method  is,  moreover,  of  especial  value  in  investigating 
the  movements  due  to  the  action  of  gravitation,  for  it  is  not  possible 
to  exclude  its  influence,  as  it  is  those  arising  from  light,  definite 
temperature,  oxygen,  etc. 

When  plants  are  slowly  rotated  on  a  horizontal  axis,  the 
one-sided  action  of  gravitation  is  eliminated  and  geotropic 
CURVATURE  IS  THUS  PREVENTED  in  Organs  which  react  equally  on 
all  sides.  The  rotations  are  best  produced  by  the  klinostat, 
an  instrument  by  means  of  which  an  exactly  horizontal  axis  is 
rotated  by  clock-work.  That  geotropic  curvatures  of  radial  organs 
are,  in  fact,  precluded  by  means  of  the  klinostat,  furnishes  a  re- 
markable corroboration  of  the  result  of  Knight's  experiments,  and 
may  also  be  regarded  as  a  further  proof  that  such  curvatures  are  due 
to  terrestrial  gravitation.  Through  the  ec{ualisation  of  the  action 
of  external  directive  influences,  radial  portions  of  plants  exhibit  on 
the  klinostat  only  such  movements  as  arise  from  internal  causes. 
The  most  important  of  these  autonomic  movements  are  those  resulting 
in  epinastic  and  hyponastic  curvatures  (p.  249),  and  the  retrogression 
of  recently  formed  ]3aratonic  curvatures  through  longitudinal  extension 
(autotropism). 

Such  autonomic  movements  sliould  not  be  confused  with  those  exhibited  by 
dorsiventral  organs  on  the  klinostat,  in  consequence  of  the  unequal  irritability  of 
their  different  sides.  Through  the  special  irritability  of  the  dorsal  side  (p.  258) 
of  foliage  leaves  and  zygomorphic  flowers,  it  is  during  their  rotation  more  strongly 
acted  upon  by  geotropic  influence  than  the  ventral  side  ;  as  a  result  of  this  curva- 
tures are  produced  which  so  closely  resemble  those  resulting  from  epinasty  that 
they  were  for  a  long  time  actually  considered  as  such.  When  stem-climbers  are 
rotated  on  the  klinostat,  their  revolving  movement  ceases,  the  part  of  the  stem 
callable  of  growth  unwinds  and  straightens,  and  afterward  exhibits  only  irregular 
nutations.  It  is  thus  evident  from  their  behaviour  that  their  winding  and  par- 
ticularly their  revolving  movements  are  dependent  upon  geotropism. 

E.  Curvatures  induced  hij  Contact  Stimuli 

The  protoplasm  of  plants,  like  that  of  animals,  exhibits  an  irritability 
to  contact,  whether  momentary  or  continuous.     This  is  apparent, 
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not  only  from  the  behaviour  of  the  naked  protoplasmic  bodies  of 
spermatozoids,  swarm-spores,  plasmodia,  and  amoebae,  but  also  from 
the  reactions  manifested  by  walled  cells  and  by  whole  organs,  the 
functions  of  which  may  be  so  disturbed  by  the  action  of  mechanical 
stimuli  that  death  ensues. 

The  almost  universal  irritability  of  vegetable  protoplasm  to 
mechanical  stimulation  is  utilised  by  a  number  of  plants  for  the 
production  of  movements  which  lead  to  their  ultimate  attachment  to 
the  irritating  body.  Tendril-climbers,  in  particular,  have  developed 
this  irritability  to  contact  stimuli  as  a  means  of  attaching  themselves 
to  supports  ;  and  in  that  way  are  enabled  to  elevate  their  assimilating 
and  also  their  reproductive  organs  into  more  favourable  situations.  In 
the  case  of  twining  plants  which  possess  similar  powers  of  climbing, 
the  process  of  elevation,  as  has  already  been  shown,  is  accomplished 
by  means  of  the  geotropic  irritability  of  the  stems  themselves.  In 
the  case  of  tendril-climbers,  on  the  contrary,  the  attachment  to  the 
support  is  effected,  not  by  the  main  axis  of  the  plant,  but  by  lateral 
organs  of  different  morphological  character.  These  may  either  main- 
tain, at  the  same  time,  their  normal  character  and  functions,  or,  as  is 
usually  the  case,  become  modified  and  as  typical  tendrils  serve  solely 
as  climbing  organs.  The  support  operates,  moreover,  not  as  a 
hindrance  to  a  movement  previously  induced,  as  in  the  case  of  stem- 
climbers,  but  itself  produces  curvature  in  the  tendrils  in  consequence 
of  contact  or  friction.    The  contact  of  a  tendril  with  a  solid 

BODY  ACTS  UPON  ITS  GROWTH  IN  SUCH  A  WAY  THAT  THE  ELONGATION 
OF  THE  CONTACT  SIDE  IS  ARRESTED,  WHILE  THAT  OF  THE  OPPOSITE 

SIDE  IS  PROMOTED.  As  a  result  of  this,  a  sharp  curvature  of  the 
tendril  ensues,  which  coils  it  about  the  support.  The  more  slender 
the  tendrils  and  the  stronger  their  growth,  the  more  easily  and 
quickly  this  process  occurs.  Through  the  tendency  of  the  curvature 
to  press  the  tendrils  more  and  more  firmly  against  the  support,  deep 
impressions  are  often  made  by  them  upon  yielding  bodies,  soft  stems, 
rubber  tubing,  etc. 

In  the  more  typically  developed  tendrils  the  curvature  does  not 
remain  restricted  to  the  portions  directly  subjected  to  the  action  of 
the  contact  stimulus.  Apart  from  the  fact  that,  in  the  act  of  coiling, 
new  portions  of  the  tendrils  are  being  continually  brought  into  contact 
with  the  support  and  so  acted  upon  by  the  stimulus,  the  stimulation  to 
curvature  is  also  transferred  to  the  portions  of  the  tendril  not  in 
contact  with  the  support.  Through  the  action  of  the  propagated 
stimulus,  not  only  is  the  free  apex  of  the  tendril  turned  more  quickly 
around  the  support,  but  a  tendency  to  curvature  is  imparted  to  the 
portion  of  the  tendril  between  the  support  and  the  parent  shoot.  As 
it  extends  between  two  fixed  points,  this  tendency  causes  it  to  coil 
spirally,  like  a  corkscrew.  With  the  spiral  coiling,  a  torsion  is 
produced,  and,  on  account  of  the  fixed  position  of  the  two  end 
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20S.— Portion  of  i 
tendril  ;  x 


stem  of  Slcyos  angulatus  with 
point  of  reversiil. 


points,  it  cannot  be  exerted  in  one  direction  only,  the  spiral,  for  purely 
mechanical  reasons,  coils  partly  to  the  left  and  partly  to  the  right. 

Points  of  reversal  {x) 
thus  occur  in  the  windings 
which,  in  equal  numbers  to 
the  right  and  to  the  left, 
equalise  the  torsion  (Fig. 
208).  Through  the  spiral 
coiliug  of  the  tendrils  the 
parent- stem  is  not  only 
drawn  closer  to  the  support, 
but  the  tendrils  themselves, 
through  their  consequent 
elasticity,  are  enabled  to 
Avithstand  the  injurious 
effects  of  a  sudden  shock. 

Advantageous  changes 
also  take  place  in  the  ana- 
tomical structure  of  the  ten- 
drils after  they  are  fastened 
to  the  supports.  The  young 
tendrils,  after  their  elongation,  exhibit  active  nutations,  and  thus  the 
probability  of  their  finding  a  support  is  enhanced.  During  this  time 
they  remain  soft  and  flexible,  while  the  turgor  rigidity  of  their  apices 
is  maintained  only  by  collenchyma.  In  this  condition  they  are  easily 
ruptured,  and  have  but  little  sustaining  capacity.  As  soon,  however, 
as  a  support  is  grasped,  the  coiled-up  portion  of  the  tendrils  thickens 
and  hardens,  while  the  other  part  lignifies,  and  becomes  so  strengthened 
by  sclerenchymatous  formations  that  the  tendrils  can  finally  sustain 
a  strain  of  many  pounds.  When  the  tendrils  do  not  find  a  support 
they  usually  dry  up  and  fall  off,  but  in  some  cases  they  first  coil  them- 
selves into  a  spiral. 

The  tendrils  of  many  ])lants  {Cohaca,  Cissus)  are  irritable  on  all  sides  ;  others, 
on  the  contrary,  on  only  the  lower  side  (tendrils  of  Cucurhitaceae  and  others  witli 
hooked  tips)  ;  while  others  possess  extremely  sensitive  shoots  {Mutisia).  In  some 
cases  the  tendrils  quickly  coil  themselves  to  the  support,  but  others  coil  more 
slowly  {Passiflora,  Sicyos,  Bryonia)  ;  while  in  other  tendrils  the  supjiorts  are 
very  slowly  grasped  {Sniilax,  Vitis). 

According  to  Pfkffer's  investigations,  it  is  of  great  importance  to 
the  tendrils  in  the  performance  of  their  functions  that  they  are  not 
induced  to  coil  by  every  touch,  but  only  through  contact  with  the 
UNEVEN  surface  OF  SOLID  BODIES  (as  thus  adjacent  cells  become 
unequally  affected).  Rain-drops  consequently  never  act  as  a  contact 
stimulus  ;  and  even  the  shock  of  a  continued  fall  of  mercury  produces  no 
stimulation.    Tendril-climbers  are  not,  like  twining  plants,  restricted 
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to  nearly  vertical  supports,  although,  ou  account  of  the  manner  in  which 
the  tendrils  coil,  they  can  grasp  only  slender  supports.  A  few  tendril- 
climbers  are  even  able  to  attach  themselves  to  smooth  walls.  Their 
tendrils  are  then  negatively  heliotropic,  and  provided  at  their  apices  wdth 
small  cushion-like  outgrowths,  w^hich  may  either  develop  independently 
on  the  young  tendrils  {Ainpelopsis  Feitchii),  or  are  first  called  forth  by 
contact  irritation  (Ampelopsis  hederacea).  Through  their  sticky  ex- 
cretions these  cushions  become  fastened  to  the  wall  and  then  gro^v 
into  disc-like  suckers,  the  cells  of  which 
come  into  such  close  contact  Avith  the  sup- 
porting wall  that  it  is  easier  to  break  the 
liguified  tendrils  than  to  separate  the  hold- 
fasts from  the  w^all.  Fig.  209  represents 
the  tendrils  of  Ampelopsis  Feitchii  {Fitis  in- 
condans).  The  suckers  occur  on  its  young 
tendrils  in  the  form  of  knots.  In  Ampe- 
lopsis hederacea  the  suckers  are  only  pro- 
duced as  the  result  of  contact,  and  the 
tendrils  of  this  plant  require  thin  supports. 

Sometimes,  as  in  the  case  of  Lopho- 
sperivum  scandens  (Fig.  210),  the  leaf-stalks, 
although  bearing  normal  leaf-blades,  be- 
come irritable  to  contact  stimuli  and 
function  as  tendrils.  Of  leaf-stalks  which 
thus  act  as  tendrils,  good  examples  are 
afforded  by  Tropaeolum,  Maurandia,  Solanum 
jasminoides,  Nepjenthes,  etc.  The  subsequent 
modifications  occurring  in  more  perfectly 
developed  tendrils  are  not  noticeable  in 
the  case  of  petiolar  tendrils,  although  the 
coiling  portion  of  the  leaf-stalks  of  Solanum  fig.  209.-Portion  of  a  climbing 

■  7        11  ,  1      i.1  •  1         J        iihoot  of  Am  pel  opsisVe!tchii(Vitis 

jasmnioides  do  become  strongly  thickened  4,  tendrils  (R) 

and    lignified  ;    while    the    leaf  -  blades    of        have  fastened  themselves  to  a 

Clematis,  by  remaining  small  for  a  time,      ^'i^'^oo^^^  ^''^^^ 
enhance  the  tendril-like  character  of  their 

leaf -stalks,  and  by  bending  backwards  also  assist  in  maintaining  the 
initial  contact  with  a  support.  At  other  times  the  midribs  of  the  leaf- 
blades  themselves  become  prolonged,  and  assume  the  function  of 
tendrils  (Gloriosa,  Littonia,  Flagellaria).  In  many  species  of  Fumaria 
and  Corydalis,  in  addition  to  the  leaf-stalks,  even  the  leaf-blades  of 
the  leaflets  twane  around  slender  supports,  while  the  parasitic  shoots 
of  Cuscuta  (Fig.  185)  are  adapted  for  both  twining  and  climbing. 


F.  Curvatures  of  groidh  due  to  Fariations  in  Light  and  Temperature 
The  flowers  and  foliage  leaves  of  many  plants  exhibit  the  peculiarity 
that  their  different  sides  (the  upper  and  under  sides  of  foliage-leaves  and 
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leaf-stalks,  the  inner  and  outer  sides  of  floral  leaves)  show  an  unequal 
growth  in  response  to  even  transitory  and  slight  variations  in  tempera- 
ture and  in  the  intensity  of  light.  AYhenever,  on  account  of  such 
variations,  the  growth  of  the  under  side  of  a  leaf  exceeds  that  of  the 
upper  side,  the  whole  leaf  moves  upwards  and  towards  the  parent  axis  ; 
while  if  the  growth  of  the  upper  side  is  the  stronger,  the  leaf  is  depressed. 
Movements  of  this  nature  are  especially  noticeable  in  flower-leaves, 


Fig.  210.— Lophospermum  scandens  cliiiibin<,'  by  means  of  its  tendril-like  petioles. 


and  bring  about  the  opening  and  closing  of  the  flower.  A  rise  of 
temperature  causes  the  flowers  of  the  Tulip  and  Crocus,  and  also  those 
of  Adonis,  Ornitliogalum,  and  Colchicum,  to  open,  while  sudden  cooling 
causes  them  to  close.    Tulips  and  Crocuses,  if  brought,  while  still  closed, 

into  a  warm  room,  open  in  a 
very  short  time ;  with  a  dif- 
ference of  temperature  of  15  - 
20"  C,  in  from  two  to  four 
minutes.  Crocuses  respond  to 
an  alteration  in  temperature  of 
h'  C;  Tulips  to  a  variation  of 
2  "-3"  C.  In  warm  sunshine 
the  spring  or  summer  flowers 
are  open  for  the  visits  of 
insects,  but  on  a  lowering  of 
temperature  the  sexual  organs 
are  covered  up  and  protected. 
The  stronger  growth  of  one  side  occurs  in  this  case  either  at  the  base 
or  upper  part  (Colchicum)  of  the  perianth  leaves. 


Fig.  211. —  Composite  flower  of  Leonto'Inn  hastilis 
closed  when  kept  in  darkness,  open  when  illu 
minated.    (From  Detmer's  Physiol.  Prod.) 
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The  composite  flowers  of  Taraxacum,  Leontodon,  and  other  Com- 
posites, also  the  flowers  of  Nymphaea,  Cacti,  etc.,  open  when  illuminated, 
and  close  when  kept  in  darkness  (Fig.  211).  Variation  of  light 
produces  also  unequal  growth  in  foliage-leaves,  particularly  in  those 
of  the  Chenopodiaceae,  Caryophyllaceae,  and  Balsaminaceae,  and  cause 
them  to  assume  so-called  sleep  positions. 

In  many  instances  the  movements  of  the  floral  leaves  are  produced  by  varia- 
tions of  light  as  well  as  of  temperature  ;  for  example,  the  flowers  of  the  Tulip  and 
Crocus  open  in  the  light  and  close  in  the  dark,  although  the  temperature  remains 
constant.  In  the  case  of  opposing  external  influences,  the  resulting  direction  of 
the  movement  of  the  flower-leaves  is  determined  by  the  one  which  is  predominant. 
The  dependence  of  these  movements  upon  diff"erent,  and  often  opposing,  influences, 
together  Avith  the  continuance  of  movements  induced  by  previously  operative 
influences  (after-efl'ects,  pp.  256,  272),  was  for  a  long  time  a  difficult  problem,  and 
obscured  the  discovery  of  their  true  cause. 

These  movements,  occasioned  by  variations  in  the  illumination  and 
temperature,  must  not  be  confused  with  those  of  heliotropism  and 
thermotropism ;  in  both  of  which  the  movement  induced  in  an  organ 
is  dependent  upon  its  relative  position  with  respect  to  the  source  of 
the  light  or  heat,  and  not  upon  the  varying  intensity  of  the  stimulus. 

3.  Movements  due  to  Changes  of  Turgor  (Movements  of  Irritability) 

The  various  movements  hitherto  considered  are,  to  a  large  extent, 
the  result  of  the  action  of  forces  acting  on  growth.  These  move- 
ments were  therefore  confined  to  organs,  or  parts  of  organs,  still  in 
a  state  of  growth.  In  contrast  to  the  almost  universal  immobility 
of  all  fully-grown  organs,  it  is  particularly  interesting  to  find  that 
some  plants  have  found  a  means  of  carrying  on  vigorous  movements 
without  the  assistance  of  growth. 

It  has  already  been  shown  (p.  166)  that  through  the  pressure  of 
increasing  turgidity  the  elastic  cell  walls  become  greatly  distended 
and  the  cell  cavity  largely  expanded,  while,  on  the  other  hand,  the  cell 
walls  shrink  and  the  cell  becomes  smaller  when  the  turgor  is 
diminished  (Fig.  167).  It  is  to  these  changes  in  volume,  which  thus 
result  from  alterations  in  turgor,  that  the  varying  movements  of 
fully-developed  living  organs  are  due. 

Such  variation  movements  occur  only  in  leaves  (foliage  and  flower 
leaves).  These  movements  are  especially  noticeable  in  the  compound 
leaves  of  the  Legnminosae  and  Oxalideae,  and  also  in  the  leaflets  of 
Marsilia  (a  water-fern).  In  the  motile  regions  of  these  leaves  special 
masses  of  tissue  are,  both  physiologically  and  anatomically,  adapted 
for  the  promotion  of  this  form  of  movement. 

This  tissue  appears  externally  as  a  firm  cushion  or  FULVixr.s,  sharply  distin- 
guished from  the  rest  of  the  leaf-stalk,  and  is  the  direct  cause  of  the  leaf  move- 
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nients.  Anatomically  considered,  the  pulvinus  consists,  for  the  most  part,  of 
strongly  turgescent  parenchyma  with  very  elastic  cell  walls.  The  vascular  bundles 
and  mechanical  elements,  which,  in  other  portions  of  the  leaf -stalk,  have  an 
approximately  circular  arrangement,  unite  in  the  pulvinus  in  the  form  of  a  single 
flexible  strand,  and  so  otfer  little  opposition  to  the  movement  of  the  leaf  resulting 
from  the  curvature  of  tlie  motile  region  {cf.  Fig.  165,  i).  The  parenchyma  of  the 
pulvinus  forms  a  thick  enveloping  layer  about  this  axial  strand,  by  means  of  which, 
through  the  pressure  arising  from  a  difference  in  the  turgescence  of  its  opposite 
sides,  a  movement  of  the  whole  leaf-blade  is  brought  about,  similar  to  that  of  the 
outspread  hand  by  the  motion  of  the  wrist. 

These  variation  movements  are  either  autonomic,  when  the 
variations  of  turgor  are  due  to  no  recognisable  external  influence,  or 
paratonic,  when  the  turgor  is  regulated  in  a  definite  way  by  the  action 
of  external  stimuli. 

Autonomic  Variation  Movements. — A  remarkable  example  of  this 
form  of  movement  is  furnished  by  the  small  lateral  leaflets  of 
Desinodiurii  (Hedi/stiruui)  gymns,  a  papilionaceous  plant  growing  in  the 
damp  Ganges  plains.  In  a  moist,  warm  atmosphere  (22°-25°)  these 
leaflets  make  circling  movements  which  are  in  no  way  disturbed  by 
variations  in  the  intensity  of  the  light^  and  which  are  of  such  rapidit}- 
that  their  tips  describe  a  complete  circle  in  1-3  minutes.  The  auto- 
nomic variation  movements  of  Trifoliuiii  and  Oxalis  take  place,  on  the 
contrary,  only  in  darkness.  Thus  the  terminal  leaflets  of  Trifoliurii 
pmtense  exhibit  oscillatory  movements  in  the  dark  with  an  amplitude 
Avhich  may  exceed  120°,  and  are  regularly  repeated  in  periods  of  2--i 
hours  ;  but  on  exposure  to  light  the  leaflets  cease  their  oscillations  and 
assume  a  fixed  light  position. 

Paratonie  Variation  Movements  are  chiefly  induced  by  variation 
in  the  intensity  of  the  light,  by  the  stimulus  of  gravitation,  and  by 
mechanical  irritation  (shock,  friction),  and  also,  but  more  rarel}^,  by 
variations  of  temperature.  The  pulvini  of  leaves  may  be  aff'ected  by 
several  different  stimuli ;  the  leaves  of  Mimosa  jjudica,  for  example, 
are  set  in  motion  by  the  action  of  light,  and  also  by  the  stimulus  of  a 
shock,  and  in  addition,  exhibit  autonomic  movements. 

A  change  from  light  to  darkness,  as  from  day  to  night,  occasions 
NYCTITROPIC  MOVEMENTS,  or  the  SO-called  SLEEP  MOVEIMENTS.  In  the 
day  or  light  position,  which  is  the  same  as  that  of  diaheliotropic  foliage- 
leaves,  the  leaf-blades  are  perpendicular  to  the  incident  raj's  of  light. 
With  the  commencement  of  darkness  the  leaves  or  the  single  leaflets 
fold  either  upwards  with  their  upper  surfaces  inward,  or  downwards  with 
their  lower  surfaces  together,  and  so  remain  until  the  diurnal  position 
is  again  assumed  on  recurring  illumination.  The  turgor  of  the 
whole  motile  organ  of  the  Bean,  for  instance,  increases  with  darkness, 
but  in  the  upper  half  more  (4-5  atmospheres)  than  in  the  lower ; 
while  the  turgor  of  the  motile  organ  is  decreased  by  illumination, 
the  upper  half  in  particular  loses  the  rigidity  acquired  by  the  tissue- 
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teiKion,  and.  in  consequence  of  the  res  :      _  -       :  :  yiv—  ir  : 
lower  hab',  the  leaf  is  raised  again  to  -ition. 

According  to  DAR\nx,  the  leaves                       :    :  :        ea:  a 

loss  of  heat  by  radiation  bv  the  a^su-^  sitiou. 

This  loss  of  heat  may  sometinies  be  very  ooi^jiLicru,  1. 

that  nycticropic  leaves,  forcibly  retained  in  tkei  • 

were  frozen,  while  adjacent  "sleeping"  leaves  s  :he  night 

temperatore  without  injury.    As  sleep  movements  .\ :  r  :  i  •:f^--d 

by  plants  growing  in  tropical  climates,  where  no  injurious  1 

diminution  of  temperatore  occurs,  tt            -  _  :i  ii^  ;ae 

sleep  positi<m  in  the  previous  inst:  :  r  of  the 

nyctitropic  behaviour  of  leaves  :                    ^  e 
particulariy  noticeable  in  PA^w  ^     J  . 
Amkia  :cyg&mfrU  (Fig.  212\  JS  . 

Too  intense  ligh:  :                                     _    :    r  : he  diurnal 


FitG..  llf. — JnicM  jj/yaminst  sbowing  «iniml  and  mcftantal  pasitkm  of 

position,  and  a  movement  either  towards  or  away  from  the  nocturnal 
position.  The  leaflets  of  the  common  Locust  (EoliMia  pseudacada)  are 
folded  downwards  at  night.  In  ordinary  difiBiise  daylight  they  a^ume 
their  diurnal,  outspread  position ;  but,  if  exposed  to  the  direct  rays  of 
the  mid-day  sun,  they  turn  obliquely  upwards. 

In  many  plants  AJLTE£ATioxs  LS  the  esttlxsitt  jF  ih  :  :  he 

GEOTKOPISM  OF  THE  MOTTLE  OKGA>fs  ;  the  sle^p  movements  I 
*  -  ihe  help  of  geotropic  Tariar:  ■  ■  7 

The  change  from  the  ?::iori  continues 

for  a  time  to  take  place,  even  in  constant  darkness  or  prolonged 

illumination.    The  leaves  7_i-  '  —   —em  to  have  a  tendency  to 

pass  at  regular  intervals  :  n  to  the  other.    The  daily 

periods  are  the  res  r    by  the  light,  the 

periodic  action  of  wh:  _                   of  position.  If, 

however,  the  external  St  :  —  :                     i  itemal  disposi- 
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tion  still  continues  for  some  time  to  give  rise  to  visible  after-effects 
(pp.  256,  2  72),  until  finally,  from  the  abnormal  conditions,  an  abnormal 
state  of  rigour  (light  rigour,  dark  rigour)  and  symptoms  of  disease  are 
manifested. 

Only  a  few  plants  respond  with  pronounced  variation  movements  to 
mechanical  irritation  (shock,  friction,  injury).  Formerly,  these  alone 
were  considered  irritable  plants,  as  in  the  vegetable  kingdom  only  the 
apparent  mechanical  irritations,  from  which  visible  movements  resulted, 
were  then  reo;arded  as  stimuli. 

Of  irritable  plants  in  this  sense,  mention  has  already  been  made  of 
Dionaea  muscipula  (p.  215),  Avhose  leaves  when  touched  on  the  upper 
side,  especially  if  the  bristles  are  disturbed,  fold  together.    The  most 


Fig.  •IVZ.— Mimosa  inulica,  with  leaves  in  normal,  diurnal  position  ;  to  the  right,  in  the  position 
assumed  on  stimulation  :  B,  flowers. 


familiar  example  of  this  irritability  to  mechanical  stimuli  is  furnished 
by  Mimosa piuJica,  a  tropical  leguminous  shrubby  plant,  which  owes  its 
name  of  sensitive  plant  to  its  extreme  sensitiveness  to  contact.  The 
leaves  of  this  plant  are  doubl}'  compound  (Fig.  213).  The  four 
secondary  leaf-stalks,  to  which  thickly-crowded  leaflets  are  attached 
left  and  right,  are  articulated  by  well-developed  pulvini  with  the 
primary  leaf-stalks  ;  Avhile  they,  in  turn,  as  well  as  the  leaflets,  are 
similarly  provided  with  motile  organs.  Thus  all  these  different  j^arts 
are  capable  of  independent  movement,  and  the  appearance  of  the 
entire  leaf  becomes,  in  consequence,  greatly  modified.  In  their 
unirritated,  light  position  (Fig.  213,  on  the  left)  the  leaf-stalk  is 
directed  obliquely  upwards,  v/hile  the  secondary  petioles  with  their 
leaflets  are  extended  almost  in  one  plane.    Upon  any  vibration  of  the 
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leaf,  in  favourable  conditions  of  temperature  (25  -30^  C.)  and  moisture, 
all  its  parts  perform  rapid  movements.  The  leaflets  fold  together,  and, 
at  the  same  time,  move  forward,  the  secondary  petioles  lay  themselves 
laterally  together,  while  the  primary  leaf-stalk  sinks  downwards  (Fig. 
213,  on  the  right).  Leaves  thus  aftected,  if  left  undisturbed,  soon 
resume  their  former  position. 

Tlie  behaviour  of  the  leaves  is  still  more  marvellous  Avlien  only  a  few  of  tlie 
leaflets  are  acted  upon  by  the  stimulus.  This  is  easily  demonstrated  by  holding  a 
burning  match  near  the  leaflets  of  one  of  the  pinnte.  The  leaflets  directly  afll"ected 
by  the  flame  fold  quickly  upwards,  and  this  movement  is  performed  successively  by 
each  pair  of  leaflets  of  the  pinna  until  the  articulation  with  the  primary  leaf-stalk 
is  reached.  The  stimulation  is  then  conveyed  to  the  other  pinnse,  the  leaflets  of 
which  go  through  the  same  movement  in  a  reverse  order  ;  finally,  the  secondary 
petioles  themselves  draw  together.  Suddenly,  Avhen  the  whole  process  seems 
apparently  finished,  the  main  leaf-stalk  in  turn  makes  a  downward  movement. 
From  this  leaf  the  stimulus  is  able  to  travel  still  further  through  the  stem,  and 
it  may  thus  induce  movement  in  leaves  50  cm.  distant. 

The  movements  of  the  pulvini  are  due  solely  to  difterences  in 
turgidity.  It  has  been  observed  that  a  sudden  escape  of  water  into 
the  intercellular  spaces  takes  place  out  of  the  cells  of  the  lower  or 
irritable  side  of  the  pulvinus  of  the  primary  leaf-stalk.  According 
to  the  recent  investigations  of  Haberlandt,  the  conduction  of  the 
stimidus  does  not  appear  to  be  accomplished  by  the  movement  of  the 
water  thus  discharged,  but  by  the  mucilaginous  contents  of  sacs  which 
are  situated  in  the  phloem  portion  of  the  vascular  bundles,  and  which 
are  easily  affected  by  variations  in  the  hydrostatic  pressure. 

The  position  of  an  irritated  leaf  resembles  externally  its  sleep  or 
nocturnal  position,  but  in  reality  the  turgor  tension  of  the  pulvinate 
motory  organ  is  difterent.  I\  the  nocturnal  POSITION  the  TURGOR 
IN  THE  different  SIDES  OF  THE  PULVINUS  IS  UNEQUALLY  INCREASED, 

and  its  rigidity,  as  a  whole,  is  therefore  increased  ;  in  the  position 
assumed  after  a  shock  the  turgidity  of  the  upper  and  lower  sides  is 
UNEQUALLY  DIMINISHED,  and  as  a  result  of  this  process  the  pulvinus 
loses  its  rigidity. 

Bobinia,  Oxalis  acetosella  and  Biophytuni  (Oxaliileae)  exhibit  similar, 
although  less  active,  movements,  under  the  influence  of  mechanical 
stimuli. 

The  state  of  rigour  sometimes  occurring  in  motile  organs  may  also 
be  best  observed  in  Mimosa,  for,  although  so  sensitive  to  the  action  of 
external  influences,  it  does  not  exhibit  its  irritable  movements  at  all 
times.  Whenever  the  temperature  of  the  surrounding  air  falls  below 
a  certain  degree,  no  movements  take  place  and  the  whole  plant 
passes  into  a  condition  known  as  COLD  rigour,  while,  on  the  other 
hand,  at  a  temperature  of  about  40°,  HEAT  RIGOUR  occurs.  Drought 
rigour  is  induced,  just  before  wilting,  by  an  insuflicient  supply  of 
water,  and  a  dark  rigour  by  a  prolonged  retention  in  darkness. 
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In  a  vacuum,  or  on  exposure  to  hydrogen  and  other  gases — chloroform 
vapour,  etc. — movement  also  ceases,  partly  on  account  of  insufficient 
^  ff  oxygen,  and  partly  from  the  actual 

poisonous  action  of  the  gases  them- 
selves. If  the  state  of  rigour  is  not 
continued  too  long,  the  original  irrita- 
bility wil 

tion  of  normal  conditions. 


again  return  on  the  restora- 


The  movements  of  imtability  exhibited 
by  the  staminal  leaves  of  some  Berhcridaeeae 
{Berhcris,  Mahonia)  and  Compositae  {Cynarcae 
and  LiguUflorac)  bear  a  certain  relation  to 
those  of  foliage  leaves.  The  bow -shaped 
filaments  of  the  stamens  of  the  Compositae 
straighten  upon  mechanical  irritation.  As 
they  frequently  contract  10-20  per  cent  of 
their  length,  the  style  becomes  extended 
beyond  the  anther  -  tube  (Fig.  214).  The 
reduction  in  the  length  of  the  filaments  is 
accompanied  by  a  moderate  increase  in  their 
thickness,  due  to  the  elastic  contraction  of 
the  cell  walls,  and  the  consequent  expulsion 
of  water  into  the  intercellular  spaces.  The 
stamens  of  Bcrheris  and  Mahonia  are  only 
sensitive  to  contact  on  the  inner  side  near 
their  base,  and  as  their  contraction  occurs 
only  on  the  inner  side,  the  anthers  are  thus 
brought  into  contact  with  the  stigma.  Ex- 
amples of  variation  movements  of  carpellary  leaves  may  be  seen  in  the  flowers  of 
Miinulus,  Strohilantlics  {Goldfussia),  Martrjnia,  Torenia,  and  otlier  plants.  The 
two  lobes  of  the  styles  of  these  flowers  fold  together  Avlien  irritated.  Similarly,  in 
the  flowers  of  Stylidium,  a  sudden  upward  movement  of  the  bent  style  occurs 
when  it  is  irritated  by  a  touch  :  but  the  stvle  then  loses  its  sensitiveness. 


Fig.  214. —A  single  flower  of  Ceataurea 
jacm  with  perianth  removed  :  A,  sta- 
mens in  normal  position  ;  B,  stamens 
contracted  ;  c,  lower  part  of  tubular 
perianth ;  s,  stamens  ;  a,  anther-tube  ; 
g,  style ;  F,  pollen.  (After  Pfeffer, 
enlarged.) 


VI.  Reproduction 

The  life  of  every  plant  is  of  limited  duration.  Death  ensues, 
sooner  or  later,  and  the  decayed  remains  form  a  part  of  the  surface 
soil.  All  existing  plants  are  descended  from  ancestral  forms.  A 
spontaneous  generation  of  new  organisms  from  lifeless  matter  does 
not,  as  far  as  experience  teaches,  take  place,  and  all  existing  vegetable 
life  owes  its  existence  to  the  capacity  inherent  in  all  organisms  of 
reproducing  their  kind.  Reproduction  is  accordingly  a  vital  power 
which  must  be  exercised  by  CA'ery  existing  plant  species.  In  special 
cases,  it  is  true,  abnormal  forms,  sports  or  monstrosities,  are  produced 
unlike  their  parent  plants  ;  but  although  they  grow  vigorously  and 
develop  a  strong  vitality,  they  have  lost  the  capability  of  giving  rise 
to  equally  strong  descendants,  or  are  unable  to  compete  successfully 
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with  wild  plants  in  the  struggle  for  existence,  and  consequently  would 
soon  die  out  were  they  not  protected  and  multiplied  by  artificial  means. 
A  great  number  of  our  cultivated  plants  belong  to  this  class  of  artifici- 
ally maintained  plant  forms. 

It  is  also  evident  from  the  very  nature  of  reproduction  that  in  the 
production  of  new  organisms  a  process  of  rejuvenation  is  continually 
being  carried  on. 

The  formation  of  independently  existing  offspring  necessitates  also 
their  separation  from  the  parent  plant.  The  formation  of  a  new  bud 
by  a  tree  would  never  be  distinguished  as  reproduction  so  long  as  the 
bud  remained  in  connection  with  the  tree  as  a  part  of  its  life.  But  if 
the  bud  became  separated  from  the  tree  and  continued  its  existence  as 
an  independent  plant,  that  would  constitute  a  form  of  rej^roduction, 
and,  in  fact,  this  actually  takes  place  in  many  plants. 

The  conditions  of  the  outer  world  make  the  still  further  demand 
upon  reproduction,  that  from  it  a  multiplication  of  the  species  should 
result.  As  the  germs  after  separation  from  the  mother  plant  do  not 
always  find  the  conditions  necessary  for  their  development  and  so,  for 
the  most  part,  perish,  the  extinction  of  the  whole  species  would  soon 
result  if  a  plant  produced,  but  a  single  germ.  That  in  reproduction 
care  is  taken  for  the  multiplication  of  the  individual  in  an  almost 
spendthrift  manner,  is  shown  by  a  consideration  of  the  innumerable 
spores  produced  by  a  single  mushroom,  or  by  the  thousands  of  seeds 
contained  in  the  fruit  capsule  of  an  orchid. 

Separation,  rejuvenation,  and  multiplication  of  the  individual 
are  accordingly  the  essential  requisites  of  reproduction. 

These  requirements  are  fulfilled  by  plants  in  the  most  varied 
manner.  Each  great  division  of  the  vegetable  kingdom  has  adopted 
its  own  special  method ;  and  each  family  and  genus,  or  even  the 
difi'erent  species,  are  characterised  by  some  peculiar  feature  of  their 
manner  of  reproduction.  Systematic  botany  is  so  essentially  based 
upon  the  difi'erent  development  of  the  reproductive  organs  and  their 
functions,  that  it  consists  for  the  greater  part  of  special  descriptions  of 
the  processes  of  reproduction  in  the  vegetable  kingdom. 

Numerous  and  varied  as  these  processes  are,  they  are  in  reality 
but  modifications  of  two  difi'erent  and  distinct  modes  of  reproduction. 

The  simpler  of  these,  or  Vegetative  Keproduction,  consists  in  the 
formation  of  cells  or  cell  bodies  which,  after  their  separation  from  the 
parent  plant  without  undergoing  any  further  change,  either  germinate 
at  once,  or  develop  into  new  organisms  after  a  period  of  rest.  This 
mode  of  reproduction,  in  which  the  growth  and  development  of  the 
parent  plant  are  directly  continued,  is  also  distinguished  as  mono- 
genetic,  VEGETATIVE,  or  ASEXUAL  reproduction. 

In  Sexual  Reproduction,  the  second  of  the  two  modes  of  propa- 
gating vegetable  life,  two  kinds  of  reproductive  cells  are  first  formed,  but 
neither  is  directly  capable  of  further  development,  and  both  perish  in 
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a  very  short  time,  unless  opporttmity  is  given  for  their  fusion  with 
each  other.  Xot  tmtil  one  cell  (the  female)  has  fully  taken  up  and 
become  inseparably  united  with  the  other  cell  (the  male),  does  it 
acquire  the  capacity  of  development  and  growth.  This  mode  of 
reproduction  is  designated  sexual  or  uigenetic  reproduction. 

The  physiological  significance  of  sexual  reproduction  is  not  at  once 
apparent.  In  many  plants  the  vegetative  mode  of  reproduction  is 
sufficient  to  secure  the  necessary  multiplication  of  the  species,  so  that 
plants  are  able  to  continue  without  sexual  reproduction.  Many 
Fungi,  for  instance,  are  reproduced  only  vegetatively ;  the  cultivated 
Banana,  many  iJioscoreaceae,  and  varieties  of  the  Grape,  Orange,  Straw- 
berry, no  longer  reproduce  themselves  sexually,  but  are  propagated 
solely  in  a  vegetative  manner.  The  Garlic,  which  forms  small  bulbs 
in  place  of  flowers,  the  White  Lily,  and  Bamumdus  Fkaria,  which 
reproduces  itself  b}'  root  tubers,  are  hardly  able  to  produce  good  seeds. 
They  multipl}'  exclusively  by  asexual  methods  without  suftering  any 
degeneration.  Continued  reproduction  by  vegetative  means  used  to 
be  regarded  as  necessarily  injurious. 

Since  monogenetic  reproduction  is  sufficient  for  the  preservation  of 
the  species,  sexual  reproduction  must  answer  some  purpose  not 
attained  by  the  vegetative  mode  of  multiplication,  for  otherwise  it 
would  be  altogether  superfluous  that  the  same  plant,  in  addition  to  the 
vegetative,  should  also  possess  the  sexual  form  of  reproduction,  which 
is  so  much  more  complicated  and  less  certain.  Even  the  Mould 
Fungus  {Mucor  Macedo),  whose  vegetative  spores  (conidia)  are  very 
widely  distributed,  occasionally  develops  sexual  reproductive  cells  in 
specially  formed  sexual  organs.-  In  many  of  the  lower  plants  (Algae 
and  Fungi)  it  has  been  shown  that  the  development  of  sexual  cells  is 
dependent  upon  definite  external  influences.  Klebs  has  demonstrated, 
in  fact,  that  it  is  possible  by  regulation  of  the  external  conditions  to 
induce  the  non- cellular  Alga  J^iudierin.  to  produce  at  will  either 
non-sexual  swarm-spores  or  sexual  cells.  In  many  plants  unfavourable 
external  conditions  apparently  give  the  impetus  to  a  sexual  mode 
of  reproduction.  The  sexual  product  (zygospores  of  Algae)  seems 
better  able  than  the  vegetative  germs  (swarm -spores  of  Algae)  to 
remain  a  long  time  at  rest,  and  so  withstand  the  disastrous  eftects  of 
an  unfavourable  environment.  No  inference  can  be  drawn,  however, 
from  the  function  of  the  sexual  germs  in  this  instance  concerning  the 
necessity  for  the  existence  of  a  sexual,  in  addition  to  a  vegetative, 
mode  of  reproduction  ;  for  in  other  cases  it  is  the  vegetative  re- 
productive bodies,  as,  for  example,  the  spores  of  Ferns  and  Horsetails, 
which  are  especially  equipped  for  a  period  of  enforced  rest. 

What  makes  digenetic  reproduction  essentially  diflereut  from 
monogenetic  is  the  union  of  the  substances  of  the  parents  and 

THE   consequent   TRANSMISSION   AND   BLENDING   OF   THE  PATERNAL 

AND  MATERNAL  PROPERTIES.    As  Special  care  is  almost  always  taken 
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in  sexual  reproduction  to  ensure  that  the  uniting  cells  have  been 
developed  from  different  individuals  of  the  same  species,  an  equal- 
ising influence  is  exerted  which  tends  to  maintain  the  permanence 
of  the  species  as  a  whole.  Any  accidental  variations  in  the  form 
or  properties  of  one  individual  of  a  species  would,  through  crossing 
with  others  normally  developed,  disappear  in  the  descendants,  while 
the  descendants  by  vegetative  reproduction  would  retain  them.  A 
phenomenon  of  not  infrequent  occurrence,  and  one  which  shows,  on 
the  other  hand,  the  persistency  with  which  inherited  attributes  are 
retained  in  sexual  reproduction,  is  the  unexpected  reappearance  in  the 
descendants  of  the  attributes  of  former  generations  (atamsm). 

While,  on  the  one  hand,  sexual  reproduction  tends  to  maintain  the 
unchangeability  of  the  form  by  abolishing  isolated  variations,  on  the 
other  hand,  variations  may  be  confirmed  in  the  descendants  when  they 
were  similarly  manifested  by  both  parents.  As  a  result  of  the  union 
between  individuals  of  different  varieties,  or  species,  or  even  of  differ- 
ent genera  {<:/.  Hybridisation,  p.  289),  offspring  may  be  produced 
which,  if  not  sterile,  have  a  remarkable  tendency  to  variation  and 
so  to  the  formation  of  new  forms. 

It  is  in  this  influence  exerted  upon  the  quality  that  the  chief 
difference  between  sexual  and  vegetative  reproduction  is  shown.  By 

^TIGETATIVE  REPRODUCTION  THE  QUANTITATIVE  MULTIPLICATION  OF 
THE   INDIVIDUAL   IS   SECURED,    WHILE  BY  SEXUAL   REPRODUCTION  A 

qualitatrt:  influence  is  exerted,  which  is  of  the  greatest  import- 
ance for  the  continued  existence  of  the  species.  Sexual  reproduction 
might  therefore  be  spoken  of  as  the  qualitative  reproduction  of 
the  species,  and  vegetative  reproduction  as  the  quantitative  repro- 
duction of  the  individual.  The  vegetatively  produced  progeny  consist 
of  unmixed  descendants  :  the  sexually  produced  offspring,  on  the  other 
hand,  are  the  result  of  a  blending  of  the  parents. 

Vegetative  Reproduction 

Vegetative  reproduction,  the  purely  Cjuantitative  character  of 
which  as  a  mere  process  of  multiplication  has  been  emphasised,  exists 
generally  throughout  the  vegetable  kingdom,  and  but  few  plants,  some 
of  the  Conifers  and  Palms,  are  altogether  devoid  of  it.  Mention  has 
already  been  made  in  considering  artificial  propagation  (p.  228)  that, 
from  the  separate  parts  or  single  cells,  or  even  from  the  naked 
energides  (Siphoneae)  of  many  plants,  the  regeneration  of  a  new  and 
perfect  individual  may  ensue.  In  vegetative  reproduction  the  process 
is  similar  except  that  the  separation  of  the  part  from  the  parent  plant 
is  an  organic  one,  occurring  in  the  natural  course  of  development. 
The  vegetative  form  of  reproduction  is  manifested  in  various  aspects, 
and  may  be  distinguished  as  a  multiplication  by  means  of  multicellular 
vegetative  bodies  (budding),  or  by  single  cells  (spore-formation). 
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Multiplication  by  Multicellular  Vegetative  Bodies  (Budding) 

often  consists  merely  in  the  separation  of  lateral  shoots,  or  in  a  division 
of  a  single  plant  into  several.  In  this  way  the  lateral  shoots  of  the 
Water  Fern,  Azolla,  through  the  death  and  disruption  of  the  older 
parts  of  the  parent  axis,  become  separated  from  one  another  and  con- 
tinue then-  growth  as  independent  plants  ;  similarly,  separate  plants 
originate  from  the  vegetative  bod}^  of  the  Duckweed  (Lemna). 

Multiplication  by  stolons,  rhizomes,  and  tubers  results  in  a  similar 
formation  of  independently  existing  plants.  As  may  be  seen  in  the 
Strawberry,  Potato,  Banunculus  repens,  etc.,  the  shoots  produced  from 
many  of  the  axillary  buds  of  the  widely  outstretched  stolons  take 
root  and  form  new  plants.  In  cases  where  the  runners  themselves 
eventually  die,  the  parent  plant  becomes  finally  surrounded  by  a  colony 
of  entirely  independent  plants. 

Instead  of  forming  runners,  the  single  tuber  may  divide  {Cori/dalis 
solida),  and  in  this  way  give  rise  to  two,  four,  or  more  new  tubers. 
New  bulbs  are  produced  in  the  leaf-axils  of  the  bud-scales  of  bulbs, 
while  brood  buds  (bulbils,  gemma?)  are  frequently  developed  on  aerial 
vegetative  organs. 

Bulbils  are  found  on  tlie  inflorescence  in  the  place  of  the  flowers  in  many  species 
of  Allium,  in  the  grass  Poa  hulhifera,  and  also  in  Polygonum  viviparum.  In 
Lilium  hulhifcrum,  Dentaria  hulhifera,  etc.,  the  bulbs  in  the  axils  of  the  leaves 
are  specially  constructed  with  a  view  to  detachment  from  the  parent  plant.  The 
swollen  leaves  contain  reserve  food  material,  and  frequently  develop  roots  before 
falling  from  the  plant.  In  Ranunculus  Ficaria  the  roots  of  the  axillary  buds  are 
full  of  reserve  food  material,  and  resemble  grains  of  corn.  "When  the  plant  dies  the 
bulbils  remain  on  the  ground,  and  have  given  rise  to  the  fable  of  showers  of  grain. 
Bulbils  or  gemmie  are  met  with  also  among  the  Mosses,  Liverworts,  and  Charas. 
The  winter  buds  of  many  water-plants  {Hydrocharis,  Utricularia,  Potamogdon 
crispus,  Lemna,  etc.)  have  a  peculiar  biological  significance.  The}^  are  formed  in 
the  autumn,  and  sink  to  the  bottom  of  the  water  ;  in  the  succeeding  spring  they 
rise  to  the  surface  and  form  new  plants. 

In  addition  to  the  instances  just  cited,  in  which  the  vegetative  reproductive 
bodies  take  their  origin  from  points  Avhere  lateral  shoots  are  normally  formed,  they 
may  also  appear  in  places  where  no  shoots  are  normally  developed.  Thus  the 
adventitious  formations  often  found  on  leaves,  particularly  on  the  leaf- blades, 
serve  the  purpose  of  reproduction.    Just  as  the  leaves  of  the  after  they 

liave  been  cut  ofl",  are  able  to  give  rise  to  new  plants,  in  other  cases  the  leaves 
possess  this  power  while  still  growing  on  the  parent  plant.  Some  Ferns  afford 
specially  characteristic  examples  of  this  {Asplenium  dccussatum,  A.  Fahianum, 
A.  hulhifcrum,  A.  vivijjarum) ;  adventitious  buds  are  produced  on  their  lamin*, 
which  develop  into  small  rooted  plants,  which  then  fall  off  and  complete 
their  development  (Fig.  215).  The  adventitious  buds  of  Cystoptcris  hulhifera 
take  the  form  of  bulbils  with  small  swollen  leaves.  Adventitious  plantlets  are 
frequently  formed  also  on  the  leaves  of  Cardamine  pratcnsis,  and  Cardamine  amara 
manifests  a  similar  tendency.  One  of  the  best  known  examples  of  such  adventi- 
tious formations  is  aff'orded  by  the  leaves  of  the  t\o-^\ca\  Br yophyll urn,  in  whose 
marginal  indentations  the  brood  plantlets  develop  in  great  numbers.  Geranije  are 
abundantly  produced  on  the  thallus  of  man}'  Hcpaticae  {Marchantia,  Lunularia), 
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and  by  their  continuous  growth  the  gemmte  capsules  (Fig.  316,  h)  are  always  kept 
well  filled. 

A  most  remarkable  instance  of  adventitious  budding  sometimes  occurs,  in  which 
adventitious  buds,  which  have  arisen  in  the  nucellus  of  the  ovule,  groAV  into  the 


Fig 


2\b.—Asplenium  FaUanum.    A  young  plant  (T),  with  leaves  and  roots  (W),  has  sprung 
from  the  leaf  (M)  of  the  older  plant. 


embryo-sac,  and  there  develop  just  as  if  they  were  embryos  ;  examples  of  this 
phenomenon  may  be  found  in  Evonymus,  Citrus,  Fimkia  (Fig.  216),  Coclehocjync. 
Formerly  it  was  thought  that  such  a 
POLYEMBRYONY  was  due  to  the  existence 
of  numerous  egg -cells  in  one  embryo- 
sac  ;  but  more  thorough  investigation 
has  shown,  however,  that  it  arises  from 
the  vegetative  formation  of  adventi- 
tious GERMS.  At  the  same  time  the  egg- 
cell  previously  existing  in  the  embryo- 
sac  is  able  to  continue  its  development 
after  fertilisation,  but  is  usually  pre- 
vented from  so  doing  by  the  adventi- 
tious or  nucellar  embiyos.  The  seeds  in 
such  cases  would  no  longer  contain  the  pro- 
ducts of  sexual  reproduction,  but  would  be 
degraded  to  organs  of  vegetative  multi- 
plication. The  adventitious  germs  in 
tlie  polyembryonic  seed  are,  however,  so 
far  dependent  upon  sexual  reproduction, 
that  for  the  most  part  they  only  attain 
their  development  in  case  fertilisation  has 
previously  taken  place  ;  but  in  Coelebo- 
gyne,  one  of  the  Australian  ^w^Aor&mceac, 
of  which  usually  only  female  specimens 
are  found  in  cultivation,  the  adventitious 
germs  develop  without  the  stimulus  of 
fertilisation.  This  plant,  accordingly,  affords  another  example  of  apogamy,  or  of  the 
substitution  of  a  vegetative  for  [a  sexual  mode  of  reproduction,  such  as  occurs  in 
different  degrees  in  certain  Ferns,  Athyriiim  filixfemina  var.  cristcdum,  Asjndhim 
falcatum,  Todea  africana,  and  Pteris  cretica.    In  the  last-named  example  the  sexual 


Fig.  216.— Vegetative  foi 
Fvnkia  ovata  (Hosfa  cm 
of  tlie 


ation  of  embryos  in 
'/(  (')  by  the  budding 
ueellus  ;  n,  nucellus  Avitli  cells  in 
])r(K  (  ss  <if  forming  the  rudiments  («c)  of  the 
adventitious  embryos  ;  S,  synergidse  ;  E,  egg- 
cell,  in  the  lower  figure  developing  into  a  sexu- 
ally-produced embryo.  (After Strasburgep.) 
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organs  are  no  longer  formed,  although  the  young  plants  arise,  by  a  vegetative  process 
of  budding,  from  exactlj^  the  same  part  of  the  prothallium  where  the  archegonia 
would  have  been  developed.  In  the  case  oi  Aspidium  filix  mas  var.  cristatum  the 
apogamy  seems  to  have  resulted  from  cultivation.  In  a  broad  sense  the  develop- 
ment of  bulbils  in  the  place  of  flowers,  in  the  species  of  Allium,  might  be  con- 
sidered as  an  example  of  apogani}-. 

Pakthenogexesis,  or  the  development  of  an  egg-cell  without  previous  fertilisa- 
tion, might  also  be  viewed  as  an  instance  of  the  same  phenomenon  in  plants  with  more 
advanced  sexual  differentiation.  In  only  one  case,  Chara  criiiita,  has  parthenogenesis 
been  positively  proven.  The  female  plants  of  this  species  of  Chara  are  widely 
distributed  throughout  Northern  Europe,  and  develop  normal  j)lants  from  their 
egg-cells,  although  the  male  plants  are  found  only  in  Asia  and  in  South  Europe, 
so  that  fertilisation  could  not  have  taken  place.  The  egg- cell  of  Chara  crinita 
has  thus  lost  its  special  sexual  character  without  altering  its  external  appear- 
ance. The  essential  sexual  attribute  of  being  incapable  of  further  development, 
without  fusion  with  a  male  cell,  has  disappeared  ;  it  has  become  a  vegetative  cell. 

Vegetative  Multiplication  by  Single  Cells  (Spore  -  Formation). 

— As  in  the  case  of  multicellular  vegetative  bodies,  multiplication  can 
be  effected  also  through  the  separation  of  single  cells.  Strictly  spealv- 
ing,  this  manner  of  multiplication  actually  takes  place  whenever  a 
division  of  the  vegetative  body  occurs  in  unicellular  Bacteria,  Fungi, 
and  Algae.  Cells  which  serve  the  purpose  of  vegetative  reproduc- 
tion, and  have  a  special  form  and  method  of  development,  are  first  met 
with  in  the  higher  Cryptogams.  They  are  frequently  formed  in  special 
organs  or  receptacles.  Sucli  organs,  in  the  case  of  the  Fungi,  are  the 
sporangia  or  conidiophores,  and  the  more  complicated  fructifications  in 
or  on  which  the  spores  are  formed.  Instead  of  spores  Avith  cell  walls 
many  Algae  develop  swarm-spores,  which  propel  themselves  in  the 
water  by  means  of  cilia,  and  are  thus  enabled  to  seek  out  positions 
favourable  for  germination  (c/.  p.  243).  In  all  higher  Cryptogams 
(Mosses,  Ferns,  JEquisetaceae,  etc.)  the  vegetative  reproductive  cells 
are  produced  in  peculiar  multicellular  sporangia,  which  open  spontane- 
ously by  hygroscopic  movements  when  the  spores  have  reached  maturity. 
Among  the  higher  Cryptogams  there  is  not  developed  from  the 
spore  a  daughter  plant  similar  to  the  parent,  but  there  results  an 
entirely  differently  organised  structure,  which,  by  sexual  reproduction, 
produces  a  plant  bearing  spores,  and  similar  to  the  original  form. 

Sexual  Reproduction 

For  the  purpose  of  sexual  reproduction  two  kinds  of  cells,  male 
and  female,  are  produced.  Although  neither  alone  is  capable  of  develop- 
ment, the  actual  reproductive  body  is  formed  by  the  fusion  into  one 
cell  of  two  such  sexually  differentiated  cells.  It  has  already  been 
pointed  out  that  through  such  a  union  of  two  distinct  cells,  qualitative 
changes  may  arise  in  the  resulting  organism,  Avhich  would  not  have 
been  possible  had  it  been  produced  by  merely  vegetative  processes. 


SECT.  II 


PHYSIOLOGY 


281 


As  it  is  thus  necessary  in  sexual  reproduction  not  only  to  provide 
for  the  production  of  male  and  female  cells,  but  also  to  ensure  their  union, 
it  becomes  at  once  evident  that,  for  sexual  reproduction,  the  organs 
must  have  a  different  morphological  and  anatomical  structure  than  if 
they  were  designed  solely  for  vegetative  activity.  The  sexual  organs 
accordingly  often  exhibit  a  special  and  peculiar  form,  which  differs 
materially  in  appearance  from  the  vegetative  parts  of  a  plant. 

The  Union  of  Sexual  Cells  (Fertilisation). — Leaving  out  of  con- 
sideration the  necessary  external  contrivances  to  that  end,  fertilisation 
is  accomplished  by  means  of  a  chemotactic  or  chemotropic  stimulus 
(pp.  243,  263).  It  is  generally  the  non-motile  egg-cells  or  female 
sexual  organ  which  exert  an  attractive  influence  upon  the  motile 
male  cells ;  as,  for  instance,  in  the  case  of  the  Mosses,  where  the  sper- 
matozoids  are  enticed  within  the  archegonia  by  a  solution  of  cane- 
sugar,  or,  as  in  Ferns,  where  they  are  similarly  stimulated  by  malic 
acid.  When,  however,  there  is  no  difference  in  the  external  form  of 
the  male  and  female  cells,  then  both  are  usually  motile,  and  the  attrac- 
tion seems  to  be  exerted  mutually.  This  is  probably  the  case  Avith 
the  motile  and  externally  similar  sexual  cells  (gametes)  of  the  lower 
Cryptogams,  particularly  of  the  Algae  (Fig.  69).  In  the  conjugation  of 
the  Conjugatae,  however,  although  both  sexual  cells  are  externally  alike, 
one  cell  alone  is  usually  motile,  and  passes  through  the  connecting 
canal  to  the  other ;  and  in  the  Fiicaceae,  though  the  egg -cells  are 
ejected  from  the  mother  plant,  they  have  not  themselves  any  power 
of  movement,  while  the  male  cells  or  spermatozoids,  by  means  of  their 
cilia,  are  capable  of  independent  motion.  This  capacity  of  the  male 
cells  for  independent  movement  is  common  to  most  Algae,  with  the 
exception  of  the  Florideae,  by  which  the  Availed  male  cells  are  passively 
conveyed  to  the  female  organ  by  the  water.  Throughout  the  whole 
group  of  the  higher  Cryptogams,  the  male  cells  are  motile  spermato- 
zoids, capable  of  seeking  out  the  non-motile  egg-cells  concealed  within 
the  archegonia.  But  in  the  sexually  differentiated  Fungi  the  male 
substance  usually  remains  enclosed  in  special  hyphaj  which  press  them- 
selves close  against  the  female  organs,  and,  by  the  j^erforation  of  the 
intervening  cell  Avail,  the  fusion  of  their  contents  is  rendered  possible. 
The  fertilisation  of  the  Phanerogams  is  accompanied  by  a  perforation  of 
the  intervening  cell  Avails  similar  to  that  which  occurs  in  the  Fungi.  In 
this  case  the  male  cell  is  enclosed  within  the  pollen  grain  ;  the  female, 
as  a  naked  egg-cell,  is  included  in  the  embryo-sac,  AA^hich  in  turn  lies 
in  the  ovule,  and  in  the  Angiosperms  the  ovule  is  again  enclosed  within 
the  ovary.  The  double-walled  pollen  grains  possess  no  independent 
power  of  movement,  but  are  conveyed  to  the  female  sexual  organs 
by  the  assistance  of  external  agencies  (animals,  currents  of  air  or 
Avater).  The  pollen  grain  then  groAvs  out  into  a  tube  Avhich  is  acted 
upon  by  chemotropic  (including  hydrotropic  and  aerotropic)  influences, 
and  grows  like  a  fungus-filament  through  the  tissues  of  the  ovary  and 
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ovule  until  it  penetrates  to  the  egg-cell  in  the  embryo-sac ;  whereupon 
the  union  of  the  sexual  cells  is  easily  effected  (Fig.  71). 

To  render  certain  the  accomplishment  of  this  Pollination,  or  con- 
veyance of  the  pollen  to  the  female  sexual  organs,  special  and  often 
complicated  contrivances  are  made  use  of  by  the  different  Phanero- 
gams, according  to  the  means  of  conveyance  upon  which  they  are 
dependent. 

Plants  of  which  the  pollen  is  carried  by  wind  are  designated 
Anemophilous.  As  this  method  of  conveyance  depends  upon  the 
chance  of  wind  direction,  an  enormous  amount  of  pollen  characterises 
wind-fertilised  plants. 

Such  enormous  quantities  of  pollen  are  often  taken  up  from  jnne  forests  by  the 
wind  that  clouds  of  pollen  fill  the  air.  The  surface  of  Lake  Constance  in  spring 
is  so  thickly  covered  with  pollen  that  it  is  coloured  yellow  ("  the  lake  blooms," 
it  is  then  said),  and  in  the  Norwegian  fiords,  at  a  depth  of  200  fathoms, 
the  ])ollen  of  Conifers,  according  to  F.  C.  Noll,  forms  for  a  time  the  princiijal 
nourishment  of  the  Rliizopod  Saceamina. 

The  male  flowers  of  such  anemophilous  plants  are  accordingly 
either  freely  exposed  to  the  wind  in  Catkins  (Coniferae,  Amentaceae), 
or  the  versatile  anthers,  as  in  the  Grasses,  depend  from  long,  lightly- 
swaying  filaments.  The  pollen  grains  themselves  do  not  stick  together 
but  escape  from  the  opened  anthers  in  the  form  of  fine  powder.  The 
pollen  grains  of  many  Conifers  are  rendered  extremely  buoyant  and 
easy  of  conveyance  by  the  wind  by  two  sac-like  protrusions  of  the 
exine.  In  some  anemophilous  plants  the  pollen  is  discharged  by 
the  sudden  extension  of  the  filaments,  previously  rolled  up  in  the 
bud  {Urticaceae,  e.g.  Pilea),  or  by  the  hygroscopic  tension  of  the 
anthers.  The  female  organs  are  also  often  especially  adapted  for 
the  attachment  of  the  pollen  thus  floating  in  the  air.  The  stigmas 
either  spread  out  like  a  brush  (Corylus),  or  are  finely  feathered  or 
provided  with  hairs  (Grasses,  Walnut),  or  drawn  out  into  long  threads 
(Indian  Corn).  In  the  Conifers,  with  freely  exposed  ovules,  the  grains 
of  pollen  are  caught  and  retained  in  a  drop  of  fluid  exuded  from  the 
micropyle,  into  which  they  are  gradually  drawn  as  the  fluid  dries 
up.  In  other  Conifers  whose  ovules  are  concealed  in  the  cone  of  the 
female  inflorescence,  scale-like  formations  catch  the  pollen  and  conduct 
it  to  the  sticky  opening  of  the  young  ovules. 

For  the  fertilisation  of  the  higher  plants,  the  presence  of  water 
is  not  so  essential  as  it  is  for  most  Cryptogams.  Only  a  few  sub- 
merged Phanerogams  make  use  of  the  agency  of  water  for  effecting  their 
pollination,  and  are,  on  that  account,  termed  hydrophilous  plants. 
The  pollen  of  the  submerged  Zostera  exhibits  certain  peculiarities, 
distinctly  referable  to  the  necessit}'-  of  effecting  fertilisation  under 
water.  It  does  not  form  round  grains,  but  in  their  place  elongated 
thread-like  filaments  devoid  of  an  exine,  which,  as  they  have  the  same 
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specific  weight  as  the  suiTOimding  water,  are  easily  set  iu  motion  by 
the  slightest  currents,  and  are  thus  brought  into  contact  with  the 
stigmas. 

In  the  case  of  the  submerged  M'ater- plants,  Vallisneria,  Elodea, 
and  species  of  Enhalus,  found  in  the  Indian  Ocean,  the  pollination  is 
accomplished  on  the  surface  of  the  water.  Thus,  for  example,  the 
male  flowers  of  T'allisneria,  after  separating  from  the  parent  plant, 
rise  to  the  surface  of  the  water,  where  they  open  and  float  like  little 
boats  to  the  female  flowers,  which,  by  the  elongation  of  their  spirally 
coiled  flower- stalks,  ascend,  at  the  same  time,  to  the  surface  of  the 
water,  only  to  become  again  submerged  after  fertilisation. 

In  the  great  majority  of  Phanerogams  pollination  is  efl'ected  by 
means  of  animals.  By  enticing  in  various  ways  insects,  birds,  or 
snails,  plants  are  enabled  not  only  to  utilise  the  transporting  power 
but  also  the  intelligence  of  animals  in  the  service  of  pollen -con- 
veyance. The  pollination  is  then  no  longer  left  to  chance  ;  and  as 
the  transport  of  pollen  to  the  sexual  organs  becomes  more  assured, 
the  necessity  for  its  formation  in  such  enormous  quantities  as  in  ane- 
mophilous  plants  is  obviated.  For  the  most  part,  such  plants  (Fig. 
219)  are  adapted  to  pollination  by  insects  (Entomophily).  For 
their  nourishment,  plants  ofter  not  only  the  sugary  sap,  which,  as 
nectar,  is  excreted  from  difterent  parts  of  the  flowers,  but  also  the 
pollen  itself,  which  furnishes  a  nitrogenous  food  material  and  which, 
together  with  the  honey,  is  kneaded  by  bees  into  bee -bread.  As 
additional  means  of  enticement,  and  to  attract  animals  from  a  distance 
to  the  nectar  oftered  by  the  sexual  organs,  special  perfumes  and 
conspicuous  colours  have  also  been  developed.  The  attractive- appa- 
ratus of  plants  is  generally  formed  by  the  coloured  floral  leaves  :  by 
the  outer  floral  leaves  or  calyx  (Xir/ella,  Aconifum),  or  by  the  perianth 
( Lily,  Tulip),  or  as  an  extra-floral  show  apparatus,  by  the  hypsophyllary 
leaves  and  parts  of  the  shoot,  which  do  not  belong  strictly  to  the 
flower  (Astrantia  major,  Rkhardia  aethAopica,  JIeh(mp>/rum,  DalerJiampia, 
BongaiimUea  specfahilis).  The  pollen  of  the  entomophilous,  in  contrast 
to  that  of  the  anemophilous  plants,  is  not  a  dry  powder,  but  its  grains 
are  stuck  together  with  an  oily  mucilaginous  fluid  :  in  other  cases, 
they  are  held  together  by  their  rough  outer  surfaces  and  can  only  be 
removed  from  the  anthers  by  animals.  The  structure  of  the  flower  is 
so  contrived,  as  Christian  Conrad  Sprengel  first  pointed  out  in 
1793  in  his  famous  work  on  the  structure  and  fertilisation  of  flowers 
Das  entdeckte  Geheimniss  der  Xatur  im  Bau  und  in  der  Befruchtung 
der  Blumen  "),  that  the  pollen  grains  must  necessarily  become  attached 
to  certain  parts  of  the  body  of  the  animal  visiting  it  in  search  of  food, 
and  so  be  conveyed  to  the  sticky  or  hairy  stigma  of  other  flowers. 
The  remarkable  variety  of  means  employed  to  secure  pollination,  and 
the  wonderful  adaptation  shown  by  the  flowers  to  the  form  and  habits 
of  different  insects,  border  on  the  marvellous.    In  addition  to  the 
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stimulus  of  hunger,  plants  utilise  the  reproductive  instinct  of  animals 
for  securing  their  pollination.  Not  a  few  plants  (Stapelia,  Aristolochia, 
and  members  of  the  Araceae),  by  the  unnatural  colour  of  their  flowers, 
combined  with  a  strong  carrion-like  stench,  induce  carrion-flies  to  visit 
them  and  deposit  their  eggs;  in  so  doing  they  eff'ect,  at  the  same  time,  the 
pollination  of  the  flowers.  In  South  America,  instead  of  insects,  it  is 
the  humming-birds  which  are  especially  active  in  the  convej^ance  of 
pollen.  In  addition  to  such  Ornithophilous  Plants  whose  pollination 
is  accomplished  through  the  agency  of  birds  {Marcgravia  nej)enthoides, 
and  difl"erent  species  of  Feijoa  and  Ahutilon),  pollination  in  some  cases 
is  effected  by  means  of  snails  (Malacophilous  Plants).  To  their 
instrumentality  the  flowers  of  Calla  palustiis,  Clirijsosplenmin,  and  also  the 
half-buried  flowers  of  the  well-known  Aspidistra  owe  their  pollination. 

Self  and  Cross  Fertilisation. — It  has  already  been  pointed  out 
that  it  is  by  sexual  reproduction,  in  contrast  to  the  vegetative  mode 
of  multiplication,  that  qualitative  modifications  are  effected.  Such 
qualitative  changes  are  best  attained  when  the  sexual  cells  are  derived 
from  difl'erent  individuals ;  although,  when  they  spring  from  the  same 
individual,  through  the  recurrence  of  ancestral  characteristics  (atavism, 
p.  277),  there  is  always  the  possibility  of  the  appearance  of  descendants 
which  differ  greatly  from  those  produced  vegetatively,  by  the  same 
plant.  By  such  close  fertilisation,  however,  no  opportunity  is  given 
for  a  new  blending  with  others  of  the  same  species.  It  is  an  old 
maxim  founded  on  experience,  that  prolonged  close-breeding  produces 
a  deteriorating  eff'ect,  as  the  slightly  injurious  variations,  which  other- 
wise would  have  been  equalised  by  cross-breeding,  become  augmented. 
It  is  in  accordance  with  this  same  principle  that,  in  the  sexual 
reproduction  of  plants,  varied  and  often  complicated  contrivances  are 
manifested,  which  conduce  to  CROSS -fertilisation  (union  between 
sexual  cells  of  different  individuals),  even  when  the  individuals  them- 
selves are  hermaphrodite  and  possess  two  kinds  of  sexual  organs, 
as  in  the  case  of  the  majority  of  Phanerogams. 

As,  however,  self -fertilisation  takes  place  also  in  a  small  number 
of  plants,  either  regularly  or  from  necessity,  it  is  evident  that  what- 
ever may  be  the  advantage  derived  from  a  union  of  two  distinct 
individuals,  it  is  no  more  essential  for  sexual  reproduction  than  for 
vegetation  multiplication.  Though  in  consideration  of  the  otherwise 
predominant  tendency  to  cross -fertilisation,  self- fertilisation,  just  as 
apogamy,  appears  to  be  a  retrogression.  Self-pollination,  although 
regularly  occurring,  frequently  fails  to  occasion  self-fertilisation,  as 
often  the  pollen  will  not  develop  pollen-tubes  on  the  stigmas  of  the 
ffower  (self-sterile)  by  which  it  was  produced,  but  only  on  those  of 
different  flowers  (Secale  cereale,  Corydalis  cava,  Lobelia  fnlgens,  Ferhascum 
nigrum,  etc.). 

The  antipathy  between  the  sexual  organs  of  the  same  flower,  in  certain  plants, 
so  greatly  exceeds  the  bounds  of  indifference  that  they  act  upon  each  other  as 
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])oisoiis.  Thus,  for  example,  it  is  known  of  certain  Orchids  that  pollination  Avith 
their  own  i^ollen  causes  the  death  of  the  flower,  while  in  other  cases  the  pollen  is 
killed  in  a  short  time  by  the  stigmatic  fluid. 

In  other  instances,  self-fertilisation  occurs  where  cross-pollination 
either  is  not  effected,  or  else  in  conjunction  with  it  (Wheat,  Barley, 
Caiuia,  Viola  species,  Linum  usitatissi)iiiim,  etc.).  By  many  plants,  in 
addition  to  the  large  flowers  adapted  to  insect  pollination,  small, 
inconspicuous  flowers  are  produced  Avhich,  usually  concealed  under- 
ground or  by  the  lower  leaves,  never  open,  and  only  bear  seeds  which 
have  been  produced  by  self-fertilisation.  In  some  plants  the  majority 
of  the  seeds  are  derived  from  such  cleistogamous  flowers  (Viola), 
and  sometimes  their  seeds  alone  are  fruitful  (Polycarpum  tetmphyllum 
possesses  only  cleistogamous  flowers).  As  the  greater  number  of  such 
plants,  however,  in  addition  to  the  seeds  of  the  self-fertilised  small 
cleistogamous  flowers,  produce  others  resulting  from  the  cross -fertilisa- 
tion effected  in  the  larger  flowers  {Impatieiis  noli -tang  ere,  Lamium 
amplexicaule,  Specidaria  perfoliata,  etc.),  the  ancestral  plants  of  the 
cleistogamous  generations,  as  well  as  their  descendants,  have,  at  least, 
the  opportunity  for  cross-fertilisation  open  to  them. 

Special  contrivances  for  assuring  the  crossing  of  the  sexual  cells, 
particularly  by  preventing  self-pollination,  are  found  to  exist 
throughout  the  whole  vegetable  kingdom. 

Self-pollination  is  most  effectually  avoided  when  the  plants  are 
unisexual,  that  is  when  both  male  and  female  plants  lead  a  separate 
existence.  Such  dicecious  plants  exist  in  almost  all  classes  of  plants 
from  the  lower  Cryptogams  to  the  most  highl)^  developed  Phanerogams 
(many  of  the  lower  Algae,  species  of  Fucus,  Marchantia,  Pohjfrichuni, 
Equisetaceae,  Taxus,  Hemp,  Hops,  Date-Palm,  etc.).  In  moncecious 
plants  the  male  and  female  organs  occur  on  diff'erent  flowers,  but 
the  flowers  are  borne  on  the  same  plants.  The  fertilisation  between 
diff'erent  flowers  is  thus  secured  ;  but  even  here  crossing  with  other 
individuals  is,  for  the  most  part,  assured  by  dichogamy. 

The  term  dichogamy  is  used  to  denote  the  fact  that  the  male  and  female 
sexual  organs  attain  their  maturity  at  diff'erent  times.  When  either  the  male  or 
female  sexual  organ  matures  before  the  other,  the  self-pollination  of  morpho- 
logically hermaphrodite  flowers  is  avoided  and  crossing  assured.  Both  lierma- 
l»hrodism  and  monoecism  are  more  advantageous  than  dioecism,  as  all  the 
]»lants  in  such  cases  are  able  to  produce  seeds  ;  while  in  dioecious  plants  the  male 
flowers  cannot  be  utilised  for  the  direct  production  of  seeds.  Dichogamy  secures 
crossing  in  such  a  simple  manner,  and  is  so  easily  attained  by  hermaphrodite 
plants,  that  it  is  of  very  general  occurrence  in  the  vegetable  kingdom.  According 
to  the  priority  of  the  maturity  of  their  sexual  organs,  plants  are  designated 

PROTANDROUS  Or  PROTOGYMOUS. 

Protaxdry,  the  earlier  maturing  of  the  male  sexual  organs,  is  the  more  frequent 
form  of  dichogamy.  It  occurs  in  the  flowers  of  the  Gcraniaceae,  Ca7/vpauulaceae, 
Co'iapositac,  Lobeliaceae,  Uinbelli ferae,  and  in  Epilohium,  Digitalis,  etc.  of  the  Mal- 
vaceoi.   The  anthers,  in  this  case,  open  and  discharge  their  pollen  at  a  time  when  the 
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stijjmas  of  tlie  same  flower; 


are  still  imperfectly  developed  and  not  ready  for  pollina- 
tion. Accordingly,  protandrous  flowers  can  only 

]iE  FERTILISED  BY  THE  POLLEN  OF  YOUNGER  FLO%^'ERS. 

In  the  less  frequent  Protogyny  the  female  sexual 
organs  are  susceptible  to  fertilisation  before  the  pollen 
of  the  same  flowers  is  ripe  ;  so  that  the  protogynous 

FLOWERS   must  BE   FERTILISED    BY  THE  POLLEN  OF 

OLDER  FLOWERS  {Anthoxanthum  odoratum,  Luzida 
'pilosa,  Scro'phularia  nodosa,  Hellehoriis,  Magnolia, 
PI  a  at  a  (JO  media,  Fig.  217). 

A*still  more  complicated  method  of  eff'ecting 
cross -fertilisation,  because  involving  also  morpho- 
logical and  anatomical  difl'erences  of  structure,  results 
from  Heterostyly,  or  the  peculiarity  of  some  species 
of  plants  of  producing  stigmas  and  anthers  whicli 
vary  in  height  in  diff"erent  individuals  of  the  same 
species.  A  good  example  of  heterostyled  flowers  is 
afforded  by  the  Chinese  Primrose  (Fig.  218).  This 
plant  has  two  forms  of  flowers,  long-styled  {L)  and 
short-styled  {K),  while  the  positions  of  the  stigmas 
and  anthers  in  the  two  kinds  of  flowers  are  exactly 
reversed.  The  pollen  grains  of  the  short-styled 
flowers,  moreover,  are  larger,  and  the  stigmatic  papillae 
shorter,  than  in  those  with  the  longer  styles  {p,  P, 
and  n,  X).  The  purpose  of  such  morphological  and 
anatomical  differences  existing  between  flowers  of  the 
same  species  was  first  understood  after  they  were 
discovered  by  Darwin  to  be  a  contrivance  for  cross -pollination.  Fertilisation  is 
most  successful  in  such  cases  when  the  pollination  of  the  stigmas  is  effected  by  the 


Fig.  217.— Iiifluresceuce  of  I'lan- 
tugo  media  with  protogynous 
flowers.  The  upper,  still  closed 
flowers  (9)  have  protruding 
styles;  the  lower  (S)  have 
lost  their  styles,  and  disclose 
their  elongated  stamens. 


Fig.  -IIS.— Primula  sinensis;  two  heterostyled  flowers  from  difl'ereut  plants.  L,  Long-styled;  K, 
short-styled  flowers;  style;  S,  anthers;  P,  pollen  -  grains ;  and  stigmatic  papillse  of 
the  long-styled  form;  p  and  n,  pollen-grains  and  stigmatic  iwpilla^  of  the  short-styled  form. 
(P,  X,  p,  n,  xllO.) 


pollen  of  anthers  correspondingly  situated.  By  such  a  '-legitimate"  fertilisation 
more  and  better  seeds  are  produced  than  liy  "illegitimate"  fertilisation,  and  in 
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some  eases  Z         /  l-^:::::.      :  : 

fertilisatioD  is  :  -  "  : 

touch  correspoDti:  ,  - 

The  flowers  of  I*r 
.>m.T) ;  the  sau  r 
Linunt.   There  ar 
and  some  species  oi  Oxaik.i  .  in 
rariatioiis  in  the  height  of  the  s: :  _ 

In  a  great  number  of  flowers  seil-poiiiL 
as  their  own  pollen  is  prevented  by  xtr  r 
from  coming  in  contact  with  the  stigr: 
the  anthers  are  sheltered  under  the 
stigma  no  pollen  can  come,  unless  thr  . 
aocae  and  Asdepiadaeeae  self-pollinatio  i.  .  ~  . 
of  the  poUen  masses  and  hj  their  position. 


<-r.i  ■  :-_r  :«  •  :  ■i  iczive.  Legiriniaic 
:  ;:-      visitiiig  the  flowers 

with,  cae  sdHic  {lor::  '  ^'  'iy. 
lifferent  lengths  (r  :  _  :.o- 

3ETEEOSTYLY  Z  ^  (Ueariaj 

two  circles  of  stamens  and  three 

" .  -  rs . 

^de  mechanicallT  impossible, 
>sitions  of  the  sexual  organ 
.    In  the  Iris,  for  example. 
:1  style,  upon  whose  lip-like 
ieney  of  insects.    In  the  OrcAid- 
_  Tred  impossible  both  by  the  nature 
A  complicated  form  of  structural  con- 


FiG.  US. — PollinatEcyD  of  SaJrif*  pm/e»m*.  1,  Flower  Tisite 
tkm  (d  the  cnnrei  conmective  from  tibe  hebDefc-sfaap*^ 
poUoi  OD  the  lack  of  the  bumble-lwe ;  %  oldo-  f 
elongated  style  ;.  -i,  the  stamiml  appuatns  at  rest,  w . 
lip ;  3,  the  suae,  when  distmhed  bjr  the  aitnnce  of  iL 
theanov;  /,  fiJunent;     eonnecti^;  «,  the ofestzoc: 


trirance,  by  means  of  which  cross-poUination  is  secnr  seen  in  a  flower 

of  Salvia  praUmsU  (Fig.  219;.    The  anthers  of  "  >  r  concealed  in  the 

upper  lip  of  the  cOToDa,  from  which  the  style.  i  stigma,  projects. 

When  a  bumble-bee  risits  the  flower  in  ~  ast  first  with  its 

proboscis  push  out  of  the  way  the  small  t^o  st-^ri!-?  aether 

halves  grown  together-    These  are  situate  The 

connectives  (<:  .  which  are  so  elongated  thar  T'le 
filaments '/)  of  the  stamens.    The  fertile  a: 
ends  of  the  connectives,  and  so  are  brougt: 

:iible-bee  when  it  pushes  against  the  p- 

-nectives.    The  pollen  thus  attached  to  : 

forked  stigma  of  the  next  flower  it  enters.  _  us 

^ers  are  afforded  by  the  PapiU'&naceae,  by  A'  .in 
pockets  of  the  coroUa.  by  Ft  urn,  ArisS<rj1»ydiia.  et: 


HybPldisatioiL — The  union  of  two  sexual  cells  is,  as  a  rule,  only 
possible  when  tbey  are  derived  from  closely  allied  plants ;  it  is  only 
then  that  they  exercise  an  attractive  influence  upon  each  other  and 
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fuse  together  in  the  act  of  sexual  reproduction.  The  sexual  cells  of 
Mosses  and  Ferns,  apart  from  all  other  considerations,  would  not  unite 
because  the  spermatozoids  of  Mosses  are  attracted  to  the  female 
organs  by  sugar,  while  those  of  the  Ferns  are  only  stimulated  by  malic 
acid.  In  the  case  of  Phanerogams,  a  mixed  union  of  sexual  cells  is 
likewise  prevented  by  various  obstacles  to  pollination  and  fertilisation. 
Occasionally,  however,  the  sexual  cells  of  different  varieties,  species,  or 
even  genera  have  shown  themselves  able  to  unite  and  produce  descend- 
ants capable  of  development.  Such  a  union  is  termed  Hybridisation, 
or  bastard-formation,  and  its  products  hybrids  or  bastards. 

Through  the  demonstration  of  the  possibility  of  hybridisation,  the 
sexuality  of  plants,  for  a  long  time  doubted,  was  indisputably  proven. 
(With  this  object  in  view,  hybrids  were  raised  in  great  numbers  by 
Kolreuter  as  early  as  1761.)  It  also  demonstrated  that  the  real 
purpose  of  sexual  union  was  the  combination  of  the  properties  of  both 
parents,  for  transitional  forms  are  found  among  hybrids  which  in  many 
characteristics  resemble  the  male  and  in  others  the  female  ancestor,  or 
they  may  show  an  equal  combination  of  the  characters  of  both. 
Less  frequently  it  happens  that  the  hybrid  resembles  one  ancestor 
almost  exclusively.  In  such  a  case  the  attributes  of  the  other  ancestor 
remain  latent,  and  may  appear  quite  unexpectedly,  through  atavism, 
in  later  generations.  Had  one  species  simple  leaves  and  the  other 
compound,  their  hybrid  would  have  leaves  more  or  less  cleft ;  or  were 
the  flowers  of  one  parent  species  red  and  those  of  the  other  yellow,  the 
hybrid  frequently  bore  flowers  with  red  and  yellow  markings  (mosaic 
hybrids),  or  which  were  orange-coloured.  If  an  early  blooming  form 
were  crossed  with  a  late  bloomer,  the  hybrid  would  flower  at  a  time 
intermediate  between  the  two.  From  these  and  similar  differences 
shown  by  hybrids,  it  became  clear  that  the  inherited  characteristics  of 
both  the  male  and  female  cells  were  transmitted  by  sexual  reproduction, 
and  that  the  only  function  of  the  male  fertilising  substance  was  not,  as 
was  at  one  time  believed,  merely  to  give  an  impetus  to  the  development  of 
the  egg-cell.  A  large  number  of  spontaneous  hybrids  have  been  found 
which  have  arisen  naturally  from  plants  with  a  special  capacity  for 
hybridisation.  That  such  natural  hybrids  do  not  oftener  occur  is  due 
to  the  lack  of  an  opportune  time  or  space  for  their  development,  and 
also  to  the  fact  that  in  the  case  of  pollination  of  flowers  with  different 
kinds  of  pollen,  that  of  their  own  species  seems  always  more  effectual 
in  effecting  fertilisation. 

The  more  closely  allied  the  parent  plants,  the  more  readily,  as  a  rule,  may 
hybrids  between  them  be  produced.  Many  families  seem  to  incline  naturally  to 
hybridisation  {Solanaceae,  Caryophyllaccae,  Iridaceae,  etc. )  ;  others  again  develop 
hybrids  only  occasionally  or  not  at  all  {Cruciferae,  Papilionaceae,  Urticaceae,  Convol- 
vulaceae,  etc. ).  Even  in  the  same  family  the  related  genera  and  species  exhibit 
great  differences  in  the  readiness  with  which  they  may  be  crossed.  The  Grape- 
vine and  also  the  Willow  are  easily  crossed  Avith  other  species  of  their  own  genus, 
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and  the  same  is  also  true  of  the  different  species  of  Dianthus,  while  the  species 
of  Silene  cross  with  each  other  only  with  difficulty.  Species  hybrids  are  easily 
produced  from  species  of  Nicotiana,  of  Verbascum,  and  of  Geum  ;  on  the  other 
hand,  it  is  very  difficult  to  cross  different  species  of  Solanum,  Linaria,  or  Poten- 
tilla.  The  hybridisation,  however,  of  nearly  allied  forms  is  often  impossible — the 
Apple  with  the  Pear,  for  instance,  although  the  Peach  and  Almond  may  be  crossed, 
and  also  the  species  of  even  the  different  genera  Lychnis  and  Silene,  Rhododendron 
and  Azalea,  Aegilops  and  Triticum,  each  according  to  their  "sexual  affinity." 

Derivative  hybrids  arise  when  hybrids  are  crossed  with  one 
another,  or  with  one  of  the  original  parent  forms.  In  this  way  it 
has  been  possible  to  unite  six  species  of  Willow  in  one  hybrid,  and  in 
the  case  of  the  Grape-vine  even  more  species  have  been  combined. 
It  is  only  in  rare  cases,  however,  that  the  form  of  the  hybrid  remains 
constant  in  the  succeeding  generations.  These  exhibit  more  frequently 
a  tendency  to  revert  to  one  of  the  original  ancestral  forms. 

In  addition  to  their  inherited  qualities  hybrids  exhibit  new 
PECULIARITIES  not  derived  from  their  j^arent  forms.     These  are  a 

MODIFIED  FERTILITY,   GREAT   TENDENCY  TO  VARIATION,   and  often  a 

MORE  LUXURIANT  GROWTH.  The  fertility  is  often  so  enfeebled  that 
the  hybrids  are  sterile  and  do  not  reproduce  themselves  sexually. 
This  enfeeblement  of  the  sexuality  increases  the  more  remote  is  the 
relationship  of  the  ancestral  forms.  The  tendency  to  variability  is 
often  greatly  enhanced  in  hybrids,  especially  in  those  arising  from 
the  hybridisation  of  different  varieties  of  the  same  species.  Hybrids, 
particularly  those  from  nearly  related  parents,  produce  more  vigorous 
vegetative  organs,  they  bloom  earlier,  longer,  and  more  profusely  than 
the  uncrossed  plants,  while  at  the  same  time  the  flowers  are  larger, 
more  brilliant,  and  exhibit  a  tendency  to  become  double.  The  luxu- 
riance of  growth  and  the  increased  tendency  to  produce  varieties 
displayed  by  the  hybrids  have  made  the  whole  subject  of  hybridisation 
one  of  great  practical  as  well  as  theoretical  importance. 

It  is  doubtful  if  hybrid  forms  can  be  produced  (graft-hybrids)  by  a 
vegetative  union  of  portions  of  two  different  plants  (grafting,  budding). 
It  will  seem  very  improbable,  as  in  all  properly  regulated  experiments 
the  vegetatively  united  forms  have  preserved  their  independent  in- 
dividuality (p.  227). 

Alternation  of  Generations 

In  the  lower  Cryptogams,  as  well  as  in  the  Phanerogams,  vegeta- 
tive and  sexual  reproduction  may  exist,  either  side  by  side  or 
following  one  another  often  in  apparently  irregular  succession.  After 
many  generations  have  been  produced  in  a  vegetative  way,  in  the 
case  of  the  Algae  or  Fungi,  sexual  organs  suddenly  appear ;  but  by 
both  modes  of  reproduction  descendants  of  similar  appearance  are  pro- 
duced. Although  in  this  case  sexually  and  vegetatively  produced 
generations  succeed  each  other,  it  would  not,  strictly  speaking,  be 
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considered  as  an  example  of  the  alternation  of  generations.  This 
expression  has  been  restricted  to  cases  WHERE  there  is  a  regular 

ALTERNATION  BETWEEN  A  VEGETATI\T:  AND  SEXUAL  GENERATION,  K\CH 
OF  WHICH  HAS  AN  ENTIRELY  DIFFERENT  ORGANISATION. 

A  Fern-plant  produces  onh'  asexual  spores.  By  their  germination,  liowever,  a 
Fern-plant  is  not  produced,  but  in  its  place  a  diminutive  plantlet,  whicli  remains 
without  stem  and  leaves,  without  vascular  bundles,  and  without  any  internal 
differentiation.  This  is  the  prothallium,  which  in  turn  produces  sexual  organs 
with  spermatozoids  and  egg-cells,  from  which  a  large  Fern-plant  is  developed  after 
fertilisation.  In  a  similar  manner,  sexual  and  asexual  generations  alternate  in 
the  Mosses  and  in  the  Hydroptcridcac,  Equisdinac,  Lycopodinac.  In  the  three 
last-named,  as  in  the  case  of  the  Ferns,  the  protliallia  are  developed  vegetatively 
from  the  spores  of  the  large  plant,  and  these  again  give  rise  sexually  to  an  Eqnisc- 
tum,  a  Lycojiodium,  etc.  In  the  Equisdinac  the  spores  are  externalh'  exactly  alike, 
but  some  give  rise  to  male,  others  to  female  prothallia.  In  the  case  of  the  Hydro})- 
terideac  and  the  heterosporous  Lycopodinac  {ScJayincUac,  Isoctcac)  the  spores 
from  Avhicli  the  male  prothallia  are  derived  are  smaller  (microspores)  but  more 
numerous  than  those  which  give  rise  to  the  female  prothallia  (macrospores).  At 
the  same  time,  the  prothallium  does  not  in  all  cases  grow  out  of  the  spores  as  an 
independent  plantlet,  but  remains  within  it  and  only  exposes  the  sexual  cells  for 
purposes  of  fertilisation  ;  so  that  the  male  sexual  cells  are  produced  within  the  micro- 
spores and  the  egg-cells  within  the  macrospores.  Thus,  in  the  higher  Crj-ptogams 
the  alternating  sexual  generation,  or  the  one  producing  the  sexual  cells,  remains 
concealed  within  the  spores.  In  Phanerogams  (GjTnnosperms  and  Angiosperms) 
the  sexual  generation  has  undergone  even  greater  reduction.  It  has  nevertheless 
been  determined  that  the  pollen  grains  of  the  Phanerogams  correspond  to  the 
vegetativel}'  produced  microspores  of  the  Yascular  Qyptogams,  and  that  in  them 
the  male  sexual  cells  also  arise  through  a  process  of  division.  Similarly,  the 
embryo-sac  of  the  Phanerogams,  in  which,  in  addition  to  the  more  or  less  reduced 
prothallium  (synergidse,  anti])odal  cells),  the  female  sexual  cell  (the  egg-cell)  occurs, 
must  be  regarded  as  tlie  equivalent  of  the  asexually  produced  macrospores.  The 
young  plant  (the  embryo),  just  as  in  Selaginella,  is  also  formed  in  the  macro- 
spores— that  is,  in  the  embryo-sac.    Yiewed  in  this  way,  it  is  evident  that  an 

ALTERNATION    OF    GENERATIONS    TAKES    PLACE    ALSO    IN    PHANEROGAMS.  HOF- 

MEISTER,  the  discoverer  of  this  most  important  fact,  drew  most  ingenious  infer- 
ences from  it  concerning  the  genetic  connection  of  the  higher  with  the  lower  plants, 
of  Phanerogams  with  tlie  Avascular  Cryptogams. 

In  the  alternating  generations  are  clearh'  manifested  the  essential 
functions  of  both  modes  of  propagation — the  quantitative,  in  the  extra- 
ordinary multiplication  by  asexual  reproduction  ;  the  qualitative,  in  the 
sexual  fusion.  For  while  thousands  of  asexual  spores  are  produced 
from  a  single  Fern-leaf,  from  the  prothallium  of  the  sexual  generation 
seldom  more  than  one  new  Fern-plant  arises,  but  that  one  plant  derives 
a  qualitative  value  from  the  cross-fertilisation  necessitated  by  the  dicho- 
gamy of  the  prothallia. 

Just  as  the  Fern-jDlant  can  occasionally  arise  by  budding  (p.  279) 
directly  from  the  prothallium,  without  the  intervention  of  a  sexual  act, 
the  formation  of  spores  is  also  sometimes  omitted,  and  the  prothallia 
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can  then  spring  directly  from  the  Fern-leaf  (apospory,  in  varieties  of 
Athyrium  and  Aspidium). 

The  Dissemination  and  Germination  of  Seeds 

If  the  seeds  after  tlieir  separation  from  the  parent  plant  simply  fell 
upon  the  earth,  the  young  seedlings  would  be  injuriously  restricted  to 
the  place  already  occupied  by  the  parent  plant,  and  would  also  spring 
up  in  such  large  numbers  that  they  would  mutually  exterminate  each 
other.  The  dissemination  of  the  seeds  thus  becomes  a  necessity,  and 
although  a  larger  or  smaller  proportion  perish  in  the  process,  a  small 
number  eventually  find  themselves  in  a  favourable  environment. 

For  their  DISSEMINATION,  seeds  make  use  of  the  same  agencies  as 
are  employed  for  the  conveyance  of  pollen.  Thus  their  dispersion  is 
effected  by  means  of  currents  of  air  and  water  ;  by  theii'  forcible  dis- 
charge from  their  receptacles  ;  by  animals  ;  and  also  by  their  accidental 
transportation  by  railroads  and  ships. 

To  ensure  the  dispersal  of  seeds  by  the  wind,  all  those  contriv- 


FiG.  220. — Winged  seed  of  Bignonia  mucronata.    (Nat.  size.) 


ances  are  of  use  which  serve  to  increase  their  superficial  area  with  but 
small  augmentation  of  their  weight.  Of  this  nature  are  the  hairy 
appendages  of  seeds  and  fruit-walls,  as  in  Gossypkim,  EpiloUum,  Fopulus, 
Salix,  Typha,  Clematis,  and  the  fruits  of  the  Compositae  with  their 
pappus,  of  Valeriana,  etc.  Compared  with  the  accelerated  fall  in  a 
vacuum,  the  retardation  exerted  by  the  resistance  of  the  air  (by  which 
the  opportunity  for  dispersal  through  the  agency  of  the  wind  is 
enhanced)  in  the  case  of  Cynaria  Scolymus  is,  in  the  first  second,  as  six 
to  one.  Similar  adaptations  for  utilising  the  agency  of  the  wind  as  a 
means  of  dispersal  are  the  wing-like  appendages  formed  from  the 
expansion  of  the  sepals  {Dipteroco.rpus)  or  of  the  ovary  {Acei\  Fraxinus, 
Ulmus,  Polygonum,  RoUnia,  Gleditschia,  and  the  fruits  of  mamj  Umhelli- 
ferae),  or  of  the  seeds  themselves,  as  in  the  winged  seeds  of  the 
Bignoniaceae  (and  many  Ternstroemiaceae). 

In  a  Bignonia  seed  (Fig.  220),  with  its  widely  outspread,  glossy 
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wings,  the  centre  of  gravity  is  so  disposed  that  the  seed  floats  lightly 
along  through  the  air  in  an  almost  horizontal  course,  and  with  a 
motion  like  that  of  a  butterfly.  The  seeds  of  Zanonia,  one  of  the 
Ciicurhitaceae,  are  very  similarly  equipped.  In  the  Lime  the  subtending 
leaf  which  is  attached  to  the  inflorescence  is  retained  to  facilitate  the 
dispersal  of  the  seeds  by  the  wind  ;  and  in  the  seeds  of  the  Fir  the 
winged  appendages  are  derived  from  the  tissue  of  the  placental  scale. 
The  aerial  transportation  of  seeds  and  fruits,  winged  only  on  one  side, 
is  accompanied  by  a  continuous  spirally  twisting  movement  which 
assists  to  retard  their  fall. 

The  diminutive  size  of  many  reproductive  bodies,  and  the  propor- 
tionate enlargement  of  their  surface  in  comparison  with  their  volume, 
increase  their  buoyancy.  Microscopically  small  Fungi,  spores,  and 
Bacteria  are  in  consequence  easily  transported  by  the  wind.  In  the 
spores  of  Lycoperdon  caelatmn  Dingler  found  the  retardation  to  be  as 
1  to  1000,  which,  according  to  Nageli,  could  only  be  theoretically 
explained  by  the  supposition  that  the  retardation  was  intensified  by  a 
thin  layer  of  air  permanently  adhering  to  the  surface  of  the  spores. 

Seeds  and  fruit  are  also  frequently  transported  great  distances  by 
the  agency  of  water.  In  the  case  of  maritime  plants  the  seeds  are 
often  especially  adapted  (water-tight  tissues;  large  air-spaces  serving 
as  swimming-bladders,  etc.)  for  transport  by  ocean  currents.  Through 
the  possession  of  such  devices,  the  seeds  of  West  Indian  plants  are 
carried  to  Norway  by  the  Gulf  Stream,  and  the  appearance  of  Cocoa- 
nut  palms  as  the  first  vegetation  on  isolated  coral  islands  is  in  like 
manner  due  to  the  adaptation  of  their  fruits  to  transport  by  water. 

Animals  participate  largely  in  the  dissemination  of  seeds  ;  either 
by  eating  the  agreeably  tasting  and  often  attractively  coloured  fruit,  and 
excreting  the  undigested  seeds,  or  by  their  involuntary  transportation 
of  seeds  and  fruits  which  have  become  in  some  Avay  attached  to  them. 
This  is  eff"ected  in  many  cases  by  hooks  and  bristles  (Lajjpa,  Galium 
Aparine,  Bidens,  Ecliinospeiinnm,  Xtmthium,  and  the  fruits  of  Uledicago 
minima,  so  common  in  sheep's  wool  and  erroneously  termed  wool- 
lice).  Or  the  seeds  become  attached  to  animals  by  means  of  some 
sticky  substance  ;  in  this  way  the  seeds  of  the  Mistletoe,  which  stick 
to  the  beaks  of  birds  eating  the  berries,  finally  adhere  to  the  branches 
of  trees  ujoon  which  the  birds  wipe  their  bills.  The  widespread 
distribution  of  fresh-water  plants  can  only  be  accounted  for  through 
the  agency  of  aquatic  birds. 

The  natural  distribution  of  plants  has  been  greatly  modified  by 
the  interference  of  man,  especially  in  these  days  of  universal  commercial 
intercourse  by  rail  and  sea.  By  their  instrumentality  not  only  have 
the  useful  plants  been  widely  distributed  over  the  earth,  but  the  weeds 
have  followed  in  the  same  way ;  and  man}^  a  seed  thus  accidentally 
carried  to  other  lands  has  finally  found  there  a  new  place  of  growth. 
The  forcible  discharge  of  sj^ores  and  seeds  is  effected  by  the 
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sudden  liberation  of  hygroscopic  or  tissue  tensions.  It  has  already 
been  mentioned  that  the  capillitia  of  the  Myxomycetes  and  the 
elaters  of  the  Liverworts  serve  for  the  dispersal  of  the  spores.  In 
the  case  of  the  Box  (Buxus),  the  smooth  seeds  are  forcibly  discharged 
by  the  contraction  of  the  pericarp,  like  a  bean  pressed  between  the 
fingers.  The  dry  fruit  of  Hum  crepitans  bursts  apart  with  a  report 
like  that  of  a  pistol,  and  is  scattered  in  pieces  far  and  wide.  The 
turgescence  and  elasticity  of  the  cell -walls  give  rise  to  the  tension 
which  results  in  the  forcible  discharge  of  the  sporangia  of  Filobolus,  and 
in  the  ejection  of  the  ascospores  of  many  Ascomycetes.  The  bursting 
and  rolling  up  of  the  segments  of  the  seed-vessels  of  Impatiens,  by 
means  of  which  the  dispersal  of  the  seeds  is  effected,  are  due  to  the 
sudden  release  of  tissue-tensions.  Similarl}^  the  fruits  of  Momordica 
elaterium  and  Ecballiwn  dehisce  suddenly  and  eject  the  seeds  with 
considerable  force.  It  is  unnecessary  to  cite  furtlier  examples  ;  those 
already  given  may  be  sufficient  to  call  attention  to  a  few  of  the  different 
means  made  use  of  for  the  dispersal  of  the  reproductive  germs. 

Germination. — The  dry  condition  of  the  seed  and  the  cessation  of 
all  vital  activity  render  the  resting  germ  extremely  resistant  to  the 
action  of  external  influences,  and  capable  of  maintaining  its  vitality 
during  the  course  of  its  dissemination,  until  it  is  ultimately  fixed 
in  the  earth.  In  effecting  their  permanent  lodgment  in  the  soil, 
seeds  are  aided  by  the  various  structural  peculiarities  of  their 
SURFACE  (furrows,  bristles,  hairs,  etc.).  The  fruits  of  the  Geraniaceae 
(Erodiiim,  Fig.  200)  and  Gramineae  {Stipxi,  Avena  sterilis,  and  species  of 
Aristida)  are  enabled,  by  means  of  movements  due  to  hygroscopic 
torsion,  to  bury  themselves  in  the  ground.  In  the  case  of 
Trifolium  suhterraneum  and  Arcichis  hypogaea  the  same  result  is 
accomplished  by  the  geotropic  growth  of  the  fruit-stalks,  while  the 
seed-capsules  of  Linaria  cymhalaiia  are  deposited  in  the  crevices  of 
walls  and  cliffs  by  the  negative  heliotropic  movements  of  the  fruit- 
stalks.  Nuts,  acorns,  and  seeds  buried  by  squirrels  or  other  animals 
in  the  ground  and  forgotten,  or  for  any  reason  not  made  use  of,  often 
germinate.  The  seedlings  of  Mangrove  trees,  FJiizophora  and 
Bruguiera,  exhibit  a  most  peculiar  manner  of  growth  to  ensure  their 
lodgment  in  the  ground.  The  seed  germinates  in  the  fruit  before 
it  is  detached  from  the  tree.  When  the  radicle  has  attained  a 
considerable  length,  the  young  seedling,  separating  either  from  the 
cotyledons  or  from  the  fruit-stalk,  falls  to  the  earth ;  it  then  bores 
into  the  mud  and  is  thus  enabled  to  commence  its  growth  without 
delay.  Many  seeds  and  fruits  acquire  a  more  or  less  voluminous 
Mucilaginous  sheath,  which  serves  a  double  purpose.  Quince  seeds, 
Flax  seeds,  seeds  of  the  Plantain,  of  Crucifers,  the  fruits  of  Salvia 
Hormimim,  seed  of  Cuphea  and  Cohaea  (in  the  mucilage  cells  of  which 
delicate  thickening  bands  are  rolled  up),  afford  the  best-known  examples 
of  such  slimy  envelopes,  which,  in  addition  to  fixing  the  seed  to  the 
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ground,  serve  to  absorb  water  by  holding  it  in  their  substance 
or  drawing  it  in  hygroscopically  ((/.  Mistletoe  berries).  Fruit-walls, 
by  their  spongy  nature,  may  also  serve  as  water-carriers  (ripe  fruits  of 
Tropaeolum^  Poterium  spinosum,  Medicago  terehellum). 

The  germination  of  seeds,  once  securely  lodged  in  the  soil,  may 
begin  immediately  or  after  a  longer  or  shorter  period  of  rest. 

The  seeds  of  manj'  Conifers  do  not  germinate  for  several  years.  Some  plants 
again,  in  addition  to  seeds  which  germinate  in  the  first  year,  produce  others  which 
require  a  longer  rest  {Trifoliura  'pTatcnse,  llohinia  Pseudacacia,  Cytisus  Laburnum, 
Reseda  lutea,  etc.).  Even  under  favourable  circumstances  such  seeds  do  not 
germinate  until  a  definite  length  of  time  has  elapsed.  Germination  may  be  de- 
layed also  by  external  conditions,  and  the  vitality  of  the  seed  may  still  be  retained 
lor  years.  Thus,  for  example,  on  the  removal  of  a  forest  from  land  that  had  been 
under  cultivation  for  forty-six  years,  PeteTi  found  tliat  a  great  variety  of  field- 
plants  at  once  sprang  up  as  soon  as  the  requirements  for  their  germination  were 
restored. 

Germination,  according  to  the  observations  of  Klebs,  is  introduced 
by  true  processes  of  growth,  which  result  in  the  rupture  of  the 
SEED-COVERINGS.  This  is  eflected  either  by  the  growing  radicle,  or,  in 
many  Monocotyledons,  b}^  the  cotyledon.  In  other  seeds  enclosed  within 
a  shell,  the  bursting  of  the  shell  through  the  growth  of  the  endosperm 
or  cotyledons  precedes  germination.  In  cases  where  the  shell  is  very 
hard  and  does  not  consist  of  two  halves  easily  separable  by  internal 
pressure  (as  in  Cherry-stones),  special  places  are  often  provided  for 
the  egress  of  the  young  seedling.  At  the  end 
of  a  cocoa-nut,  for  example,  such  points  of  egress, 
behind  the  thinnest  of  which  the  embryo  will  be 
found  emerging  from  the  endosperm,  are  very 
easily  seen.  Through  the  extremely  hard,  thick 
shell  of  another  Cocoa-palm,  Cociis  lapidea,  there 
are  three  long  germinal  pores,  while  the  seedling 
of  Acrocomia  sderocarpa  has  only  to  jDush  a  loosely 
fastened  plug  out  of  the  thick  shell  of  the  seed 
(Fig.  221).  Similar  contrivances  are  found  in 
the  case  of  Fandanus,  Canim,  Tijpha,  Potamo- 
geto?i,  and  many  Dicotyledons  {Tetragonia  expansa, 
Medicago,  and  some  species  of  Onobrychis  and 
Portidaca).  Seedlings  penetrate  the  soil  by 
means  of  the  elongation  of  the  primary  root,  or  of 
the  hypocotyl,  or  also,  as  is  the  case  with  many 
Monocotyledons,  through  the  movements  of  the 
geotropic  cotyledons.  After  the  descending  part  is  firmly  attached  to 
the  soil,  by  either  root-hairs  or  lateral  roots,  the  upward  growth  com- 
mences. In  this  process  the  cotyledons  may  either  remain  within 
the  seed  or  unfold  above  ground.  The  first  is  often  the  case  where 
the  cotyledons  are  full  of  reserve  material  (Phaseolus  midtiflai'uSf  Aes- 
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Fig.  221.— Section  through 
the  upper  part  of  the 
fruit  of  Aci^ocomia  sclero- 
car  pa.  S,  The  hard 
shell ;  P,  tlie  plug  which 
is  pushed  out  of  the 
shell  by  the  germinat- 
ing embryo,  A' ;  K,  endo- 
sperm. (After  Pfitzkr.) 
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cuius,  Quercus),  or  where  their  function  is  to  absorb  nourishment  from 
the  endosperm  (in  Palms  and  the  scutellum  of  Gramineae).  More  fre- 
quently the  cotyledons  are  pushed  above  ground,  and  may  then  be 
thick  and  filled  Avith  reserve  nourishment,  or  thin  and  turning  green 
on  exposure  to  the  light.  In  many  Monocotyledons,  as  also  in  Eicinus, 
etc.,  the  cotyledons,  even  if  they  afterwards  appear  above  ground,  may 
first  take  up  the  nutritive  substances  of  the  endosperm  ;  while  in  the 
Conifers  the  cotyledons  perform  the  same  office  above  ground.  The 
COTYLEDONS  ARE  DRAWN  FROM  THE  SEED  by  the  curvature  of  the 
hypocotyl  or  of  the  petioles  of  the  cotyledons  {Smyrnium,  Delphinium). 
The  seed-coverings  also  are  often  further  ruptured  by  the  swelling  of 
the  hypocotyl  (Cucurhita,  etc.).  The  unfolding  of  the  first  leaves 
above  ground  is  frequently  accompanied  by  a  CONTRACTION  OF  THE 
ROOT,  occasioned  by  its  distension  in  a  transverse  direction  ;  the  seed- 
ling is  in  consequence  drawn  deeper  into  the  soil,  and  its  position 
rendered  more  secure.  Even  older  plants,  particularly  those  whose 
leaves  form  a  radical  rosette,  notwithstanding  their  upAvard  growth, 
are  held  close  to  the  ground  through  a  similar  contraction  of  their 
roots. 

When  its  attachment  in  the  soil  is  properly  provided  for,  and  after 
the  first  germ-leaves  are  unfolded,  the  young  plant  has  acquired  the 
capacity  for  self-sustenance,  its  further  growth  and  development  being 
dependent  upon  its  own  activity. 


PART  II 
SPECIAL  BOTANY 

SECTION  I 
CRYPTOGAMS 


SPECIAL  BOTANY 


Special  Botany  is  concerned  with  the  special  morphology  and 
physiology  of  plants.  While  it  is  the  province  of  General  Botany  to 
investigate  the  structure  and  vital  processes  of  the  whole  vegetable 
kingdom,  it  is  the  task  of  Special  Botany  to  interpret  the  structure 
and  vital  processes  of  its  separate  divisions.  The  aim  of  General 
Morphology  is  to  determine  the  phylogenetic  derivation  of  the  external 
and  internal  segmentation  of  plants,  and  to  refer  their  numerous  structural 
peculiarities  to  the  primitive  form  from  which  they  have  arisen.  The 
purpose  of  Special  Morphology,  on  the  other  hand,  is  to  trace  the 
development  which  has  been  reached  in  the  different  divisions  of  the 
plant  kingdom,  to  understand  the  form  of  individual  plants,  and  to  trace 
the  connection  between  one  form  and  another.  Thus  the  methods  of 
special  morphology  are  also  phylogenetic,  and  furnish  the  basis  for  a 
NATURAL  SYSTEM  of  classification  of  the  vegetable  organisms  based 
upon  their  actual  relationships.  Although  such  a  system  must 
necessarily  be  very  imperfect,  as  it  is  not  possible  to  determine,  directly 
and  indisputably,  the  phylogenetic  connection  of  different  plants,  but 
only  to  derive  indirectly  their  relationships  from  morphological  com- 
parisons, the  aim  which  we  set  before  us  is  none  the  less  both  legitimate 
and  essentially  justifiable. 

Such  a  natural  system,  founded  on  the  actual  relationship  existing 
between  different  plants,  stands  in  direct  opposition  to  the  ARTIFICIAL 
SYSTEM,  to  which  has  never  been  attributed  more  than  a  practical 
value  in  grouping  the  plants  in  such  a  manner  that  they  could 
easily  be  determined  and  classified.  Of  all  the  earlier  artificial 
systems,  the  sexual  system  proposed  by  Carl  Linnaeus  in  the  year 
1735  is  the  only  one  which  need  be  considered. 

LiNN^US,  in  establishing  his  classification,  utilised  characteristics 
which  referred  exclusively  to  the  sexual  organs,  and  on  this  basis 
distinguished  twenty-four  classes  of  plants.  In  the  last  or  twenty- 
fourth  class  he  included  all  such  plants  as  were  devoid  of  any  visible 
sexual  organs,  and  termed  them  collectively  Cryptogams.    Of  the 
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Cryptogams  there  were  iit  tliat  time  but  comparatively  few  forms 
known,  and  the  complicated  methods  of  reproduction  of  this  now  large 
class  were  absolutely  unknown.  In  contra.st  to  the  Cryptog-ams,  the 
other  twenty-three  classes  were  distinguished  as  Phanerogams  or  phmts 
whose  flowers  with  their  sexual  organs  could  be  easily  seen.  LlNN.£i  s 
divided  the  Phanerogams,  according  to  the  sexual  character  of  their 
flowers,  into  such  as  possessed  hermaphrodite  flowers  (Classes  I. -XX.). 
and  those  in  which  the  flowers  were  unisexual  (XXI. -XXIII.).  Plants 
with  hermaphrodite  flowers  he  again  divided  into  three  groups  :  those 
with  free  stamens  (I.-XV.),  which  he  furtlier  distinguished  according 
to  the  number,  mode  of  insertion,  and  relative  length  of  the  stamens  : 
those  with  stamens  united  with  each  other  (XVI. -XIX.) ;  and  those  in 
which  the  stamens  were  united  with  the  pistil  (XX.).  P2ach  of  the 
twenty- four  classes  were  similarly  sulxlivided  into  orders.  While 
some  of  the  classes  and  orders  thus  constituted  represent  naturally 
related  groups,  although  by  the  method  of  their  arrangement  in  tlie 
artificial  system  they  are  isolated  and  widely  removed  from  their 
proper  position,  they  include,  for  the  most  part,  plants  which  phylo- 
genetically  are  very  far  aj>art. 

Lixx.EUs  himself  (1738)  felt  the  necessity  of  establishing  natural 
families  in  which  the  plants  should  be  arranged  according  to  their  "re- 
lationships."' So  long,  however,  as  the  belief  in  the  immutability  of 
species  prevailed,  the  adoption  of  a  .system  of  classification  ex})ressive 
of  relationship  and  family  could  have  no  more  than  a  hyi)Othetical 
meaning,  and  merely  indicated  a  supi)Osed  agreement  between  jdaiu- 
having  similar  external  forms.  A  true  basis  for  a  natural  system  of 
classification  of  organisms  was  first  afforded  by  the  theory  of  evolution. 

The  system  adopted  as  the  basis  of  the  following  description  an«l 
systematic  arrangement  of  plants  is  the  natural  system  of  Alex- 
ander Braun,  as  modified  and  furtlier  perfected  by  ElCHLER  and 
others. 

According  to  this  system  we  have  to  distinguish  between  C'i:vitm- 
GAMS  as  the  lower  division,  and  Phanerogams  as  the  higher  division 
of  the  plant  kingdom. 

SECTION  I 

CRYPTOGAMS 

The  Cryi)togams  include  an  extraordinary  variety  of  the  most  «litferent 
plant  forms,  extending  from  unicellular  organisms  to  plants  exhibiting 
segmentation  into  stem,  leaf,  and  root.  The  Cryptogams,  however,  are 
collectively  distinguished  from  Phanerogams  V)y  the  mode  of  their 
dissemination  by  spores,  in  contrast  to  that  of  the  Phanerogams,  which 
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is  effected  by  seeds  ;  spores  are  formed  also  by  Phanerogams,  but 
they  are  not  the  immediate  cause  of  the  origin  and  develoi:>ment  of  new 
individuals.  Seeds  are  multicellular  bodies,  within  which  is  included 
the  multicellular  rudiment  or  embryo  of  a  plant ;  while  spores  which, 
in  the  case  of  the  Cryptogams,  become  separated  from  the  mother  plant, 
and  give  rise  to  a  new  and  independent  organism,  are  unicellular  struc- 
tures. Cryptogams  may  therefore  be  termed  spore  plants  or  Sporo- 
phytes,  and  Phanerogams  seed  plants  or  Spermaphytes ;  although 
uniformity  to  previous  usage  and  custom  would  recommend  adherence 
to  the  older  terms. 

The  Cryptogams  are  divided  into  the  three  following  groups  : — 

I.  The  Thallophyta,  embracing  a  great  variety  of  plants  whose 
vegetative  portion  may  consist  of  one  or  many  cells  in  the  form  of  a 
more  or  less  branched  thallus. 

II.  The  Bryophyta,  which  include  forms  \viih.  a  leaf-like  thallus, 
as  well  as  cormophytic  forms,  with  evident  segmentation  into  stems 
and  leaves.  The  Bryophytes  possess  no  true  roots,  and  their  conduct- 
ing bundles  are  of  the  simplest  structure. 

III.  The  Pteridophyta,  or  Fern-plants,  exhibit  a  segmentation  into 
stems,  leaves,  and  roots,  and  also  possess  true  vascular  bundles. 
While  thus  resembling  the  Phanerogams  in  structure,  they  difier  from 
them  in  their  mode  of  reproduction,  and  in  their  dissemination  by 
means  of  spores. 

The  Thallophytes  and  Bryophytes  are  also  characterised  as 
cellular  plants,  in  contrast  to  the  Pteridophytes  or  Vascular  Crypto- 
gams, which,  together  with  the  Phanerogams,  are  collectively  desig- 
nated vascular  plants. 


I.  THALLOPHYTA 

The  Thallophytes  may  be  divided  according  to  their  natural 
relationships  into  the  following  classes  : — 


1.  Mi/xomycetes,  Slime-Fungi. 

2.  Schizophyta,  Fission-Plants. 

3.  Diatomeae^  Diatoms. 

4.  Feridineae,  Dinoflagellates. 

5.  Conjugatae,  Conjugates. 


6-  Chlorojihyceae,  Green  Algae. 

7.  Fhaeophyceae,  BroAvn  Algae. 

8.  Rhodophyceae,  Bed  Algae. 

9.  Characeae,  Stone  worts. 

10.  Hypthomycetes  (Eumycetes),  Fungi. 


Formerly  it  was  customary  to  divide  the  Thallophyta  comprised 
iii  these  ten  classes  into  the  two  groups  of  Algae  and  Fungi.  The 
Algae  are  Thallophytes  which  possess  cliromatophores  with  colouring 
pigments,  particularly  chlorophyll;  they  are,  therefore,  capable  of  assimi- 
lating and  providing  independently  for  their  own  nutrition.  The  Fungi, 
on  the  other  hand,  are  colourless  and  have  a  saprophytic  or  parasitic 
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mode  of  life.  Sucli  a  iiR'tliod  of  classification,  however,  although 
possessing  a  physiological  value,  has  no  i»hylogenetic  significance,  as 
it  gives  no  expression  to  the  natural  relationship  of  the  Fungi  to  the 
Algae,  from  which  they  have  been  derived.  Of  the  ten  classes  previously 
enumerated,  the  Schi:ojjhi/fu,  reridincdf,  and  IthnhfUyceae  include  lx)th 
assimilating  and  colourless  non-assimilating  forms:  the  Duitovkeae^ 
Coiijin/dfac  <  'hh>n>jihi/rc<t(>^  PliiifuqjJiyceae,  and  Cliaroreae  contain  exclusively 
assimilating  forms ;  the  Mi/rotni/ceffs  an«l  Jli/jthomi/ceks,  on  the  con- 
trary, include  exclusively  colourless  and  not  independently  assimilating 
forms. 

By  the  term  Algae  in  its  restricted  sense  are  understood  only  the 
Thallophytes  represented  in  the  classes  3  to  8  ;  by  Fungi,  only  the 
IJf//)/io/iit/ri'tfs.  To  the  ten  classes  of  the  Thallophytes  may  be  added, 
as  Class  11,  the  Lichens  {Lichcnes),  in  which  the  thallus  affords  an  in- 
stance of  a  symbiosis  of  Algae  and  Fungi  (p.  213).  From  a  strictly 
systematic  standpoint,  the  Fungi  and  Algae  composing  the  Lichens 
should  l)e  classified  sej)arately,  each  in  their  own  class  ;  but  the  Lichens, 
among  themselves,  exhil)it  such  a  similarity  in  structure  and  mode  of 
life,  that  a  better  conception  of  their  characteristic  peculiarities  is 
obtained  by  their  treatment  as  a  distinct  class. 

As  a  rule  the  Thallophytes  are  distributed  and  multiplied  by 
means  of  asexually  ])roduced  spores,  but  with  a  varying  mo«le  of  de- 
velopment in  the  (liflerent  groups  ;  and  also,  although  not  in  all  classes, 
they  exhibit  a  sexual  mode  of  rejiroduction.  This  reproduction  con-  ' 
sists,  in  the  simplest  cases,  in  the  i>roduction  of  a  single  cell,  the 
ZYGOSPORE  or  ZYGOTE,  by  the  union  or  conjugation  of  two  simi- 
larly FuRMKi)  SEXUAL  CELLS  OR  G.\METES.  In  many  of  the  more 
highly  develo})ed  forms,  however,  the  gametes  are  iliflerentiated  iis 
small  male  cells  or  srermatozoids,  and  as  larger  female  cells,  the  egg- 
cells  or  oosPHERES.  As  a  result  of  the  fusion  of  an  egg -cell  and  a 
s])ermatozoid,  an  oospore  is  })roduced.  The  first  form  of  sexual  r< 
production  or  fertilisation  is  termed  isogamous,  the  second  ougamoi  >  : 
but  these  are  connected  by  intermediate  forms. 


Class  I 

Myxomycetes  (Slime-Fung-i) 

The  Myxomycetes  form  an  independent  group  of  lower  Thallo- 
phytes ;  in  certain  respects  they  occui)y  an  intermediate  j>osition 
between  plants  and  animals,  and  have  in  consequence  also  been  termed 
Myn'tirjHi  or  Fungus-animals.  They  are  re|)resented  by  numerous 
species  (about  .00  genera),  and  are  widely  distributed  over  the  whole 
earth.     In  their  vegetative  condition  the  Slime-Fungi  consist  of  naked 
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masses  of  protoplasm,  the  Plasmodia,  containing  numerous  small  nuclei 
but  utterly  devoid  of  chlorophyll.  In  consequence  they  are  reduced 
to  a  saprophytic  mode  of  life  upon  decaying  vegetable  remains,  or  as 
parasites  they  often  obtain  their  nourishment  from  living  plants.  The 
Plasmodia  (p.  51)  are  found  most  frequently  in  forests,  upon  soil  rich 
in  humus,  upon  fallen  leaves,  and  in  decaying  wood.  They  creej) 
about  on  the  substrata,  Changing  their  form  at  the  same  time,  and 
thrust  out  processes  or  pseudopodia,  which  may  in  turn  coalesce. 
Their  movements  are  regulated  by  the  intensity  of  the  light  and  heat 
to  which  they  are  exposed,  and  by  the  amount  of  moisture  and 
nourishment  supplied  by  the  substratum.  Although  in  the  vegetative 
condition  the  plasmodia  are  negatively  heliotropic  and  positively 
hydrotropic,  these  characteristics  become  changed  when  the  process  of 
spore-formation  begins.  The  plasmodium  then  creeps  out  from  the 
substratum  towards  the  light  and  air,  and,  after  coming  to  rest,  is  con- 
verted into  single  or  numerous  and  closely  contiguous  fructifications, 
according  to  the  genus.  On  the  periphery  of  each  fructification  an  outer 
envelope  or  PERIDIUM  is  formed  ;  w^hile  internally  the  contents  of  the 
fructification  separate  into  spores,  each  of  w^iich  is  provided  with  a 
nucleus,  and  enclosed  by  an  outer  wall.  The  spores  thus  formed  have 
accordingly  an  asexual  origin.  In  many  genera,  part  of  the  internal 
protoplasm  within  the  sporangium  or  spore-recej^tacle  is  utilised  in 
the  formation  of  a  CAPILLITIUM,  consisting  of  isolated  or  reticulately 
united  threads  or  tubes.  Upon  the  maturity  of  the  spores,  the  peri- 
dium  of  the  sporangium  becomes  ruptured,  and  the  spores  are  dis- 
persed by  the  wind.  In  the  case  of  the  genus  Cerafio}n>/,i:a,  the  process 
is  somewhat  simplified,  as  the  fructification  is  not  enveloped  by  a 
peridium,  and  the  spores  are  produced  at  the  extremities  of  short 
stalks.  Sexual  reproduction  is  entirely  absent  in  the  Myxomj^- 
cetes. 

A  good  example  of  the  develoj)ment  of  the  plasmodia  from  the  spores  is  afforded 
by  Chondrioderma  difforme,  a  Slime -Fungus  common  on  decaying  leaves,  dung,  etc., 
upon  which  it  forms  small,  round,  sessile  sporangia.  The  germination  of  the 
spores  (a,  Fig.  52,  p.  51)  may  be  easily  observed  when  cultivated  in  an  infusion 
of  Cabbage  leaves  or  other  vegetable  matter.  The  spore-wall  is  ruptured  and  left 
empty  by  the  escaping  protoplast.  After  developing  a  flagellum  or  cilium  as  an 
organ  of  motion,  the  protoplast  swims  about  in  the  water,  being  converted  into  a 
SWARM-SPORE  (Fig.  52,  e-g),  with  a  cell  nucleus  in  its  anterior  or  ciliated  end,  and 
a  contractile  vacuole  in  the  posterior  end  of  its  body.  Eventually  the  cilium 
is  drawn  in,  and  the  swarm -spore  becomes  transformed  into  a  Myxamceba 
(Fungus  amoeba),  Avhicli  creeps  about,  and,  while  undergoing  constant  alteration  in 
its  shape,  at  the  same  time  it  takes  up  food  material  by  enclosing  within  its  proto- 
plasmic body  small  particles  of  foreign  matter.  The  amoeb?e  have  also  the 
capacity  of  multiplication  by  division.  In  conditions  unfavourable  for  their  develop- 
ment they  surround  themselves  with  a  wall,  and  as  mickocysts  pass  into  a 
state  of  rest  from  Avhich,  under  favourable  conditions,  they  again  emerge  as 
swarm-spores.    Ultimately  a  number  of  the  Myxamcebse  approach  close  together 
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(Fig.  52,  /)  and  coalesce,  forming  small  plasmodia  (Fig.  52,  m),  which  in  turn  fuse 
with  others  into  larger  plasmodia  (Fig.  52,  /i).  Both  the  amoeba?  and  plasmodia 
are  nourished  by  the  small  foo<l  particles  taken  up  by  the  protoplasm,  which  also 
exhibits  active,  internal,  streaming  movements.  After  an  interval  of  a  few  days 
the  Plasmodium  creeps  to  the  surface  of  the  substratum  to  the  air  and  light,  and 
passing  into  a  resting  stage  U'comes  at  length  converted  into  a  white  sjwrangium 
with  a  double  wall,  consisting  of  an  outer,  calcareous,  brittle  jn-ridium  and  an 
inner  and  thinner  enveloping  iM-llicle  which,  in  addition  to  the  numerous  spores, 
encloses  also  a  |KX)rly  develoj^d  eapillitiuni. 

The  develojiment  of  the  other  Myxomycetes  is  accomplished  in  a  similar 
manner.  Very  large  jilasmodia,  often  over  a  foot  in  breadth,  of  a  bright  yellow 
colour  and  creamy  consistency,  are  formed  by  the  tan-pit  Fungus  Fulujo  mrians 
{ActhaliHin  scpticuin),  and  as  the  "flowers  of  tan"  are  often  found  in  summer  on 
moist  tan  bark.  If  exi>osed  to  desiccation,  the  plasmodia  of  this  Myxomycete  pass 
into  a  resting  state,  and  become  converted  into  >pherical  or  strand-like  scleuotia. 
from  which  a  plasmodium  is  again  produced  on  a  further  supply  of  water. 
Finally,  the  whole  plasmodium  U-comes  transfonned  into  a  drj-  cushion  or  cake- 
shaped  fructification  of  a  white,  yellowish,  or  brown  colour.  The  fructification,  in 
this  iastance,  is  enveloiK'd  by  an  outer  calcareous  crust  or  rind,  and  is  subdivided 
by  numerous  internal  septa.  It  encloses  numerous  dark  violet-coloured  s|>ores, 
and  is  traversed  by  a  filamentous  capillitium,  in  which  are  disjiersetl  irregularly- 
shaped  vesicles  containing  granules  of  calcium  carbonate.  A  fructification  of 
this  nature,  or  so-called  iethalium,  consists,  therefore,  of  a  number  of  sf>orangia 
combined  together,  while  in  most  of  the  Myxomycetes  the  sjtorangia  are  simple 
and  formed  singly. 

Tiie  structure  and  nature  of  the  sporangia  atford  the  most  convenient  means  of 
distinguishing  the  different  genera.  The  following  sj»ecies  may  be  mentioned  as- 
exhibiting  characteristic  differences  in  the  form  of  their  sjKjrangia. 

,Stciiioititis/uscft  forms  simple,  stalked,  cylindrical  sporangia  (Fig.  222,  A  \  which 
are  often  found  standing  in  clusters  on  dead  leaves,  bark,  etc.    The  stalk  is  pro- 
longed as  a  columella  through  the 
s]»orangium,  and  gives  rise  to  a  deli- 
cate, reticulate  capillitium,  within 
the  meshes  of  which  lie  the  dark- 
violet  sjKires.    The  pp|.idium  is  thin 
and  non-i>ersistenl.  Arcyria punicfa 
priniuces  its  spherical  siwrangia  on 
rotten    wood.     They   are  simple, 
-talked,  of  a  reddish-brown  colour, 
and  without  a  columella.    At  m.t- 
turity  the  i>eridium  ruptures  circu 
larly  and  the  up|K>r  jwirt  falls  «•!!. 
whereui>on  the  capillitium  atTav  ln^l 
to  the  basal  walls  of  the  si- 
springs  out  suddenly,  ami 
the  spores  (Fig.  222,  B).  ' 
ru/a    also    develojis  its 
brown  sjK»rangiaon  rotten  >iiuup^  »'i 
tn  <  s.    They  are  simple  and  sttlkcd,  without  either  columella  or  cajollitituu.  Tli<- 
sjKirangia  open  at  the  top,  but  the  thickeiietl  ]iortions  of  the  lY 
l»ersist  after  its  rupture  in  the  form  of  a  net-work  (Fig.  222,  C).  Ia-o 


^  A 


Fuj.  22J.  — Uii>e  fruct  ' 
HI>ores.    A,  Str^ 
l>itnirra  (  x  12)  ;  '  . 


;ifl«r  JiHcluirge  of  Uie 
(X  10):  B,  Anyria 
-  .</,(x  32). 
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with  its  reddish-brown  oval  sporangia,  may  frequently  be  found  on  moss,  grass- 
haulms,  etc.     The  sporangia  are  simple,  and  have  a  doul)le  peridium  and  a 
^^^-^  reticulate  filamentous 

capillitium,   but  no 
columella  (Fig. 
Trichia  varia, 
the  commonest 

on  decaying  wood,  has  —  Lcocarpiis  fragilis. 

a  sessile  globose  spor-  Gronpsofsporangia  upon  Moss, 
angium  with  a  yellowish 

peridium,  Avhich,  after  rupturing,  forms  a  dish-shaped 
receptacle.  The  capillitium  is  made  up  of  delicate 
tubes  strengthened  by  spiral  thickenings,  and  having 
free  extremities  (Fig.  223). 

A  few  Slime-Fungi,  termed  collectively  Acrasieae, 
exhibit  a  more  simple  mode  of  spore-formation.-  The 
spores  on  germination  give  rise  directly  to  amcebte 
without  the  previous  development  of  swarm-spores. 
The  amcebas  multiply  by  division,  and  without 
previously  undergoing  fusion  form  so-called  aggre- 
gate Plasmodia.  In  the  process  of  spore -formation 
each  amoeba  of  such  aggregate  plasmodia  surrounds 
itself  with  a  wall  and  assumes  the  nature  of  a 
spore. 

Plasmodiophora  Brassicac,  one  of  the  few  parasitic 
Myxomycetes,  causes  tuberous  swellings  on  the  lateral 
roots  of  various  species  of  Brassica.    Its  jilasmodia 
fill  the  cells  of  the  hypertrophied   parenchyma  of 
these  swellings,  and  these,  eventually  dividing  into 
Fig.  22Z.  — Trichia  varia.    A,   numerous  spores,  are  set  free  by  the  disorganisation  of 
Closed  and  open  sporangia  the  jilant.    The  spores  germinate  like  those  of  Choii- 
( X 6) ;     a  fibre  of  the  capil-  drioderma,  and  the  Myxamceb^  penetrate  the  roots 
Htjum  (X  240);  C,  spores  (x      ^  Cabbage-plant.     The  formation  of  true 

sporangia,  however,  does  not  take  place,  and  this 
Slime-Fungus  represents  a  more  sijnply  organised  or,,  in  consequence  of  its  parasitic 
mode  of  life,  a  degenerate  Myxomycete. 


Class  II 
Schizophyta  (Fission-Plants) 

The  Schizophyta  comprise  only  Thallophytes,  having  very  simple 
structure ;  they  may  be  either  unicellular  or  filamentous,  consisting  of 
a  row  of  cells,  or  they  may  assume  the  form  of  cell  colonies.  They  have 
no  sexual  mode  of  reproduction,  and  multiply  only  by  cell  division  or  by 
asexually-formed  spores.  They  include  two  orders — the  Fission-Algae 
or  Schizophyceae,  and  the  Schi.zomi/cetes  (Fission-Fiuigi  or  Bacteria).  The 
cells  of  the  ScMzoplujceae  contain  an  assimilating  blue -green  colour- 
ing matter.     The  Schizomf/cetes,  on  the  other  hand,  which  are  only 
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exceptionally  provided  with  such  a  pigment,  live  either  parasitically 
or  suprophytically,  and  may  bt*  regarded  as  a  derived  furni  <>f 
Schizophiirtac. 

Order  1.  Schizophyceae  (Fission- Algae) 

The  Fissioii-Algae  were  formerly  thought  tu  show  a  variation  from 
other  Algae  in  the  ditlerentiation  of  their  cells.  It  was  customary  to 
distinguish  within  the  protoplasts  of  their  walled  cells  an  aj)i)arently 
humogeneous  colourless  CENTKAL-l5ul>V,  separated  from  the  other  portion 
of  the  cell  contents  hy  a  delicate  membrane,  and  possessing  a  greater 
capacity  for  taking  uj)  stains.  According  to  the  recent  investigations 
of  1Ikc;lkk,  this  central  body  has,  however,  the  structure  of  a  true 
nucleus,  and  luidergoes  indirect  karyokinetic  division.  In  certain  of 
the  filamentous  forms,  special  cells,  no  longer  capable  of  division,  may 
contain  several  nuclei,  the  number  of  which  is  in  such  cases  tlie 
residt  of  fragmentation.  The  cell  nucleus  is  surrounded  by  a  coloured 
Iteripheral  la^er.  This  layer  may  be  considered  as  equivalent  to  a 
chromatophore  ;  it  contains,  in  addition  to  chlorojdiyll,  a  blue-green  or 
verdigris-coloured  pigament,  termetl  phycocyanin,  to  the  presence  of 
which  this  grouj)  of  the  ScHlZnpilYTA  owes  its  name  of  CVANoPHYt  hLXK 
or  lilue-green  Algae.  There  are  also  found  within  the  cells,  usually 
lodged  in  the  peripheiy  of  the  chromato})hores,  small  granular  bodies 
of  an  unknown  significance,  the  so-called  cyanophycin  grains  ;  while 
mucous  globules  are  also  disposed  in  the  vicinity  of  the  nucleus.  In 
addition  to  these,  vacuoles  occasionally  occur  in  the  cells.  The  cell 
walls  consist  of  cellulose,  and  often  exhibit  distinct  stratification,  and 
in  many  species  they  undergo  a  mucilaginous  modification  of  their  outer 
layers.  Multii)lication  is  eH'ected  in  a  vegetative  manner,  simply  by 
the  division  of  the  whole  contents  of  the  cells  and  by  the  formation  of 
partition  walls.  In  the  case  of  the  unicellular  form.s,  included  col- 
lectively ill  the  family  of  the  Chn^ortHrurcm'  the  daughter  cells  separate 
after  the  ilivisioii,  and  become  either  entirely  isolat«'d  or  remain  as 
cell  colonies  in  proximity  with  one  another.  In  the  filamentous  forms 
or  Nostocaceaey  the  daughter  cells  continue  in  contiict  and  form  e*  11 
rows.  These  cell  filaments  eventually  l>reak  up  into  shorter  segment-, 
which  rei)eat  the  process  of  multii)licati»»n  and  segmentation.  It  i- 
fi'om  this  mode  of  reproduction  by  the  division  or  fission  of  the  cell- 
that  the  name  Fission-Algae  has  been  derived. 

Tiie  Fission-Algae  representetl  by  numerous  sjR'cies  are  universally 
distributed.  They  occur  as  floating  water  forms,  attached  to  stone- 
ami  })lants,  or  they  form  mucilaginous  or  pubescent  coatings  on  dami' 
soil,  moist  rocks,  tree-trunks,  moss,  etc. 

1.  Cfirnoonrmntt  . — The  siinpk'st  fonn.s  of  tlif     /<  -         •  - .u «  iuriu<l.<i   i.  ; 
family.    The  genus  Cfinntcoccua  foiisists  solely  of  isoIate<l,  rouuded  cells,  >\lt:  : 
are  envelojKMl  l»y  a  thin  wall  and  have  a  l»lue-greeu  colour.    In  other  genera  » •  I 
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colonies  are  I'ormed  by  tlie  daughter  cells,  which  result  lioiu  division,  remaining 
enclosed  in  a  common  gelatinous  envelope,  formed  by  the  mucilaginous  degeneration 
of  their  cell  walls.  Thus,  the  four-cornered,  tabular  cell  colonies  of  the  genus 
Mcrisimpedia,  often  found  floating  in  the  water,  are  formed  by  repeated  cell  division, 
which  is  always  in  one  plane  and  in  two  directions  only.  The  cell  colonies  of 
GlococaiJsa,  Avliose  different  species  form,  for  the  most  part,  olive-green  or  blue- 
green  patches  on  damp  walls  and  rocks,  present  a  peculiar  ap[)earance,  as  shown  in 
Fig.  225.  The  walls  of  the  cells  are  mucilaginous  and  swollen.  When  a  cell 
divides,  the  walls  of  the  daughter  cells  also  become  mucilaginous,  while  at  the 
same  time  they  remain  enclosed  within  the  walls  of  the  mother  cell.  In  this 
manner,  through  division  in  three  dimensions  of  space,  a  cubical  or  rounded  colony 
composed  of  2,  4,  8  or  more  cells  is  produced  which  eventually  breaks  up  into 
daughter  colonies. 

2.  Nostocaccac. — The  simplest  forms  of  this  family,  in  which  are  included  the 


Fig.  225. — Gloeoaqmi  polydermatica.  A, 
111  process  of  division;  B,  to  the  left, 
.shortly  after  division  ;  C,  a  later  stage. 
(x.540.) 


Fig.  226.—^,  Oscillo.ria  princeps ;  v,  terminal  cell ;  6,  c, 
portions  from  the  middle  of  a  filament.  In  c,  a  dead 
cell  is  shown  between  the  living  cells.  B,  OsciUaria 
Froelichii ;  h,  with  granules  along  the  partition 
walls.    (X  540.) 


most  highly  develoj)ed  of  the  Fission-Algae,  are  merely  lilamentous  rows  of  cells, 
unbranched  and  without  any  distinction  of  base  or  apex.  This  is  the  case  in  the 
genus  OsciUaria  (Fig.  226),  whose  single  filaments  are  motile  and  exhibit  peculiar 
gliding  movements.  The  filaments  consist  of  disc-shaped,  blue-green  cells,  with 
numerous  smairgranules  disposed  in  their  peripheral  protoplasm,  which,  as  a  rule, 
appears  to  be  especially  accumulated  along  the  transverse  walls  (Fig.  226,  B).  The 
terminal  cells  of  the  filaments  are  usually  rounded.  By  the  rounding  off  and 
separation  of  any  two  adjoining  cells  the  whole  filament  may  break  up  into  short 
germinal  segments,  termed  hormogoxia,  which  then  grow  out  again  into  long 
filaments.  In  species  in  which  the  filaments  are  invested  with  thick  sheathing 
walls,  the  hormogonia  creep  out  of  the  cell  envelope,  leaving  only  the  empty 
sheath  remaining.  The  species  of  OsciUaria  are  found  in  tufts,  either  freely  float- 
ing or  growing  upon  damp  soil. 

While  in  the  case  of  OsciUaria  and  in  several  other  genera  the  cells  are  all 
alike,  ma^nj  Nostocaceae  not  only  develop  special  cells,  termed  heterocysts,  which 
seem  to  be  incapable  of  further  development,  but  also  thick-walled  resting  cells  oi' 
SPOKES.    This  is  the  habit  of  the  genus  Nostoc,  which  is  found  growing  on  damp 
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soil  or  floating  in  water  in  the  fonn  of  gelatinous  masses,  in  which  are  embedded  the 
unbrauc'hed  cell  filaments  like  rows  of  beads,  Heteroeysts  ix)orly  supplied  with 
cell  contents  occur  at  irregular  intervals  (Fig.  227,  ft)  in  these  chains  of  cells,  while 

from  the  vegetative  cells,  richer  in  contents,  spores 
(sp)  are  jtroduced.  On  germination  these  sjwres 
give  rise  to  a  new  filament  conji>osed  of  similarly 
united  cells  (Fig.  227,  /?,  C}. 

In  certain  Xostinracfue  the  cell  filaments  are 
characterised  by  false  branching.  This  {tseudo- 
branching  occurs  when  a  cell  of  a  filament  becomes 
bent  outwards  and  is  pushed  upwards  by  the  con- 
tinued division  of  the  lower  cells,  .so  that  the 
uj>per  i>ortion  assumes  the  ajtiiearance  of  a  lateral 
branch. 

Many  Cyanophya'ae  take  jxirt  with  the 
Fungi  in  the  formation  of  Lichens.  Some 
species  also  are  endophytic  and  inhabit 
cavities  in  other  plants.  Thus,  sjM^cies  of 
Xostoc  are  constantly  found  in  the  tissues 
of  certiiin  Hepaticae,  in  Lemna,  and  in  the 
roots  of  Cycas  and  Guntiera ;  and  similarly 
a  species  of  AmOmemi  occurs  in  AzolUi. 

Especially  interesting  are  the  floating 
forms  of  the  Cynnnphyceui'^  which  rise  in 
quiet  water  to  the  surface,  and  collect  there  in  large  masses.  In  - 
the  protoplasm  of  the  cells  of  these  species  {cij.  ( lUnfot richa  erhinulaUiy 
Aiiahdina  flos  aqude,  of  fresh-water  lakes)  are  found  numerous  vacuoles, 
whicli  are  filled  with  gas  and  render  it  possible  fur  the  Alg;ie  to  float 
on  the  surface  of  the  water. 

Order  2.  Schizomycetes  (Fission-Fungri,  Bacteria) 

Tlie  Fission -Fungi  differ  from  the  Fission- Algae  principally 
through  the  absence  of  an  assimilating  green  pigment  in  their  cells. 
In  them,  too,  no  cell  nucleus  has  as  yet  been  found,  although,  according 
to  Hr.dLKK,  a  cell  nucleus  is  j)resent  in  certain  sp»'cies  which  he  investi- 
gated. Their  protoplasm  is  colourless  ami  always  enclosed  by  thin 
cell  walls.  In  a  condition  of  plasmolysis,  induced  by  means  of  a 
salt  .solution,  the  protoplasm  becomes  contracted,  and  shrinks  from  the 
cell  walls,  from  which  it  may  be  concluded  that  within  the  cells  ut 
Bacteria  there  is  a  sap  cavity  surrounded  by  a  peripheral  cytoplasmic 
layer.  Like  the  Fission-Algae  the  Fission-Fungi  occur  under  a  great 
variety  of  forms.  The  latter,  however,  are  of  a  much  smaller  size,  includ- 
ing in  fact  the  smallest  of  known  living  organisms.  The  spherical  cells 
of  MiriiH-ocrtui  prmlvfiosu^,  which  develops  on  cooked  jxjtatoes,  l)read, 
milk  and  meat,  and  is  distinguished  by  the  formation  of  a  blood-red 


Fig.  '2-27.—Nostoc  l.inrkii.  A,  Fila- 
ment with  two  heterocystji  (h), 
a.ud  a  large  miiiiber  of  spores  (k/O  ; 
J{,  isolated  sjK»re  begiiinint,'  to 
germinate ;  C,  young  lllament 
develoiHid  from  s|K>re.  (Aftt-r 
BORNCT,  X  650.) 
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pigment,  measure  onl}-  0*0005  mm.  in  diameter,  while  the  rod-shaped 
cells  of  the  Tubercle  Fungus,  B'lrilhi.-i  Ti(bercnIosi.<,  are  only  from  0  001 5 
mm.  to  0*005  mm.  long. 

The  simplest  form  of  Fission-Fungi  are  represented  by  minute 
spherical  cells,  Cocci.  Forms  consisting  of  short,  rod-shaped  cells  are 
designated  Bacterium  ;  those  of  the  same  shape  but  longer  are  known 
as  Bacillus.  Simple  cell  filaments  are  termed  Leptothrix  ;  spiral, 
closely-wound  filaments  are  classified  as  Spirillum,  when  more  loosely 
wound  as  Vibrio,  and  longer  spiral  filaments  as  Spirocilete.  In  the 
highest  stage  of  their  development  the  Fission-Fungi  consist  of  cell 
filaments  exhibiting  false  branching,  as  in  certain  of  the  Xosforaceae. 
As  in  the  Fission-Algae,  but  more  frequently,  the  cell  walls  become 
swollen  and  mucilaginous.  In  this  condition  of  their  development, 
termed  Zooglcea,  the  Cocci,  Bacilli,  etc.,  appear  to  be  embedded  in  a 
gelatinous  mass,  as  in  the  Alga  Xosto,-. 

"While  most  Bacteria  have  only  one  form  throughout  the  whole 
course  of  their  growth,  and  are  accordingly  spoken  of  as  species  of  the 
genera  Micrococcus^  Bacterium,  Bacillus,  etc.,  there  are,  on  the  other  hand, 
so-called  pleomorphic  species  which  exhibit  differences  of  form  cor- 
responding to  different  stages  in  their  life-history. 

Multiplication  of  the  individual  is  accomplished  vegetatively  by 
the  active  division  or  fission  of  the  cells  ;  the  preservation  and  dis- 
tribution of  the  species  by  the  asexual  formation  of  resting-SPORES. 
Bacteria  may  be  divided  into  the  follow- 
ing two  groups,  according  to  their  mode 
of  spore-formation  : — 

1.  Arthrosporous  Bacteria,  in 
which  vegetative  cells,  just  as  in  the  case 
of  Xostoc  (Fig.  227),  simply  become  thick- 
walled  and  converted  into  spores  {cf. 
LeucoROstoc,  Fig.  231,  E). 

2.  ExDOSPOROUS  Bacteria,  in  which 
the  spores  are  formed  within  the  cells  by 
the  contraction  of  the  protoplasm  and  its 
investment  with  a  new  cell  wall  {rf. 
Bacillus  suhtilis,  Fig.  230,  B). 

^lau}^  Bacteria  are  motile.  Their  in- 
dependent movements  are  due  to  the 
vibration  and  contraction  of  fine  proto- 
plasmic cilia.  These  flagella,  according  to 
A.  Fischer,  are  distributed  over  the  whole 
surface  of  the  cells  {e.g.  Bacillus  suhfilis, 
Fig.  228,  and  also  the  Typhus  Bacillus), 
or  they  are  polar,  and  spring  from  a  single 
point.  A  single,  polar  fiagellum  occurs  in  T'lbrio  cholerae ;  a  polar 
terminal  tuft  of  flagella  in  Bacterium  fermo :  a  lateral  polar  tuft 


Fig.  iiS. — Bacillus  subtilis.  Swanninjr 
rods  with  numerous  tine  flagella. 
Spores  cultivated  in  an  infusion 
of  hay,  A,  after  7 J  hours ;  B,  after 
S|  hours,  with  fully  -  developed 
flagella.  (After  A.  Fischer,  x 
1500.) 
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in  the  swarm- spores  of  Cladothrix.  The  ciliary  tufts  may  become 
so  closely  intertwined  as  to  j^resent  the  appearance  of  a  single 

thick  flagellum.  The  cilia, 
although  arising  from  a  pro- 
trusion of  the  cell  protoplasm, 
are  never  drawn  within  the 
body  of  the  cell,  but  undergo 
dissolution  before  the  forma- 
tion of  spores  takes  place. 
The  existence  of  such  special 
flagella  has  not  as  yet  been 
demonstrated  in  the  Fission- 
Algae,  so  that,  in  this  respect, 
there  is  a  characteristic  differ- 
ence between  them  and  the 
Fission-Fungi. 

The  Fission  -  Fungi  are  repre- 
sented by  numerous  species,  and 
have  a  world  -  wide  distribution. 
Although  they  present  but  little 
variety  of  external  form,  the  sepa- 
rate and  scarcely  distinguishable 
species  exhibit  numerous  variations 
in  their  metabolic  and  nutritive  pro- 
cesses (c/.  also  pp.  212,  197).  A  dis- 
tinction is  also  made  between  sapro- 
phytic and  parasitic  forms.  To  the 
former  belong  the  morphologically 
most  highly -developed  species,  ol 
Avhich  the  highest  is  represented  by 
Cladothrix  dichotoma.  This  Fission- 
Fungus  is  found  in  stagnant  water, 
and  consists  of  falsely  branch- 
ing, delicate  filaments  (Fig.  229] 
attached  to  stones  and  Algae,  and  forming  a  slimy  coating  over  them.  The 
filaments  are  composed  of  rod -shaped  cells  enclosed  within  an  outer  filamen- 
tous sheath.  Multiplication  occurs  through  the  separation  from  the  parent 
filament  of  longer  or  shorter  branches,  which  pass  into  a  swarm  stage  and 
eventually  fall  into  still  smaller  rod-like  segments.  These  segments  eitlier  escape 
from  the  enveloping  sheath  or  are  set  free  by  its  dissolution.  Eight  or  ten  flagella 
spring  from  a  point  on  the  side  of  the  cylindrical  swarm  segments  or,  as  they  art 
termed,  rod-gonidia.  After  swarming,  the  rod-gonidia  settle  down,  and  attaching 
themselves  to  a  support  grow  out  into  new  filaments. 

There  are  also  always  found  associated  with  Cladothrix  numerous  other  sapro- 
phytic Bacteria,  Vibriones,  Spirilla,  Cocci,  Zoogloefe.  It  is  doubtful  wliether  these 
are  all  merely  ditterent  stages  in  tlie  development  of  Cladothrix.  This  view  has 
certainly  not  been  positively  demonstrated  as  yet  by  actual  continuous  observation. 
Among  the  most  common  filamentous  Fission-Fungi  occurring  in  water  are  the 
Sulphur  Bacteria  {e.g.  Bc<j<jiatoa  alba),  which  form  small  granules  of  sulphur  in 


Fig.  229. — Cladothrix  dichotoma. 
lilament  with  rod  -  sliaped 


Part  of  a  branched 
cells  ;  treated  with 


fuchsin.    (After  Fischer,  x  540.) 
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their  cells  if  snlpliuretted  hydrogen  be  x)resent  in  their  environment.  Another 
filamentous  Fission-Fungus,  Crcnotlirix  Kiihniana,  in  the  sheaths  of  whose  filaments 
deposits  of  hydrated  oxide  of  iron  are  found,  is  of  frequent  occurrence  in  springs  and 
water-pipes,  where  it  forms  broAvn  slimy  masses  and  renders  the  water  unfit  for 
drinking.  In  both  of  these  last-named  Schizomycctcs  the  filaments,  unlike  those  of 
Cladothrix,  are  unbranched. 

The  majority  of  Bacteria,  like  these  important  water-bacteria,  maintain  a 
saprophytic  mode  of  life.  Their  metabolic  processes  vary  in  correspondence  with 
their  numerous  decomposition  products,  and  are  usually  adapted  to  definite  conditions 
of  nutrition.  Thus  the  Hay  bacillus,  Bacillus  suUilis,  develops  in  an  infusion  of 
hay.  The  spores  are  able  to  withstand  the  heat  employed  in  making  the  infusion, 
and  produce  in  from  12  to  15  hours,  on  the  surface  of  the  liquid,  a  gelatinous  pellicle 
consisting  of  closely  com^mcted  parallel  filaments.  Each  filament  is  composed  of 
long  rod-shaped  cells  in  active  process  of  division  (Fig.  230,  A).  After  exhaustion 
of  the  nutrient  substance  of  the  infusion,  an  endogenous  formation  of  spores  takes 


Fig.  230.— Bacillus  suhtiUs.    A,  Pellicle  of  parallel  filaments  (x  500) ;  B,  formation  of  spores 

(X  SOO). 

place  within  the  cells  of  tlie  filaments  (B).  In  germinating,  the  walls  of  the  spores 
become  ruptured  on  one  side  and  their  elongating  protoplasmic  contents  emerge  as 
rod-shaped  SAvarm-spores  provided  with  numerous  flagella  (Fig.  228),  and  multiply 
further  by  division. 

Many  saprophytic  Bacteria  are  characterised  by  their  capacity  to  induce  ferment- 
ation and  putrefaction,  and  in  the  operation  of  their  metabolic  processes  are  able  to 
decompose  certain  organic  compounds.  Thus  Lcuconostoc  lacsentcrioidcs  occasions 
the  mucous  fermentation  of  beet -sugar.  It  forms  gelatinous  masses  resembling 
frog -spawn,  consisting  of  a  number  of  polygonal  colonies  enclosing  rosary -like 
chains  of  cells  within  the  mucilaginous  sheaths  (Fig.  231,  D).  In  its  mode  of 
spore-formation  this  species  of  Fission-Fungus  closely  resembles  the  Fission- Algae 
Nostoc.  Special  cells  of  the  chain  become  larger  and  transformed  into  arthrospores 
{E).  In  the  process  of  germination  these  spores  become  invested  with  a  gelatinous 
sheath  {B),  and  develop  into  thick  but  short  rows  or  chains  of  cells  (0).  These 
unite  into  colonies,  and  these  again  into  groups  of  colonies,  thus  forming  large 
gelatinous  masses  similar  to  the  original.  The  Vinegar  bacterium.  Bacterium  aceti, 
oxidises  alcohol  into  vinegar  ;  Bacillus  amylohactcr  occasions  the  butyric  fermenta- 
tion ;  Bacterium  termo  the  putrefaction  of  albumen,  meat,  etc. 
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Among  the  parasitic  Bacteria  there  are  numerous  forms  which  may  be  described 
as  harmless,  as  for  example  Sarcina  ventriculi  (Fig.  232,  A),  -u-hich  forms  cubical 
masses  of  cocci  in  the  stomach  and  intestines  of  man  ;  also  the  various  Bacteria, 
Micrococcus,  Sinrillum  dentium,  Lejytothrix  huccalis,  etc.  (Fig.  4,  p.  11),  which 
occur  in  the  cavity  of  the  mouth.  Of  dangerous  or  pathogenic  Bacteria  which 
have  been  demonstrated  to  be  the  cause  of  infectious  diseases,  mention  may  here  be 
made  of  the  following:  Bacillus  Tuberculosis,  the  cause  of  tuberculosis  (Fig.  232,  C) ; 


Fig.  231. — Leuconostoc  mesenterioides.  ^,  Iso- 
lateil  spores  ;  C,  formation  of  chain  of 
cells  w  ith  gelatinous  .<;heath  ;  D,  portion  of 
mature  zoogla-a  ;  E,  formation  of  spores  in 
the  filaments  of  the  zoogloea.  '  (After  Van 
TlEGHEM,  X  520.) 


Fig.  232.— a,  Sarcina  ventriculi  (x700);  B, 
Spirochaete  Obermeieri  (x950);  C,  Bacillus 
Tuberculosis,  plasmolysis  of  contents  occa- 
sioned by  mode  of  treatment  (x  1.500) ;  D, 
Vibrio  cholcrae  (x950);  E,  Streptococcus 
pyogenes  ( x  050).    (After  Baumgartex.) 


Vibrio  cholcrae  asiaticae,  the  comma  bacillus  of  A.siatic  cholera  (Fig.  232,  D)  ; 
Spirochaete  Ober7neieri  (Fig.  232,  B),  found  in  the  blood  of  patients  suffering  from 
intermittent  fever  ;  Bacillus  Typhi,  the  bacillus  of  typhoid  fever  ;  the  pyogenic 
Bacteria,  Streptococcus  p)yogenes  (Fig.  232,  E)  d^nd  Stapliylococcus  aureus;  Str€p)to- 
coccus  Erysipclatis,  occurring  in  the  lymphatic  glands  of  persons  affected  with 
erysipelas  ;  Bacillus  Anthracis,  the  anthrax  bacillus,  with  a  mode  of  siiore-formatioii 
similar  to  that  of  the  Hay  bacillus. 

Rhizobium  Leguminosarmn  {Bacillus  radicicola)  lives  in  symbiosis  with  the 
Leguminosae,  and  causes  the  formation  of  their  root-tubercles.  After  multiply- 
ing enormously  in  the  cells  of  the  root-tubercles,  the  Bacteria  eventually  undergo 
transformation  into  bacterioids  (see  p.  211). 

Class  III 

Diatomeae  (Diatoms) 

The  Diatomeae  constitute  a  large  class  of  unicellular  Algae, 
including  about  1500  species.  They  usually  occur  associated  together 
in  large  numbers,  in  both  fresh  and  salt  water,  and  also  on  damp 
soil. 

The  individual  cells  or  FRUSTULES  are  either  solitary  and  free- 
swimming,  or  they  are  attached  by  means  of  gelatinous  stalks,  excreted 
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>y  the  cells  themselves.  Sometimes  these  chains  remain  connected 
,nd  form  bands  or  zigzag  chains,  or,  on  the  other  hand,  they  are 
,ttached  and  enclosed  in  gelatinous  tubes,  while  in  the  case  of  the 
aarine  genus  Schizonema  they  lie  embedded  in  large  numbers  in  a 
;elatinous  branching  thallus,  often  over  1  dcm.  in  breadth.  The  cells 
,lso  display  a  great  diversity  of  shape ;  while  generally  bilaterall}' 
ymmetrical,  they  may  be  circular  or  elliptical,  rod-  or  wedge-shaped, 
urved  or  straight.  The  structure  of  their  cell  walls  is  especiall}' 
haracteristic;  it  is  composed  of  two  halves  or  VALVES,  one  of  which  over- 
aps  the  other  like  the  lid  of  a  box  (Fig.  3,  p.  11).  The  cells  thus 
(resent  two  altogether  different  views,  according  to  the  position  in  which 
hey  are  observed,  whether  from  the  girdle  (Fig.  3,  B)  or  valve-side 
Fig.  3,  A).  Both  valves  are  so  strongly  impregnated  with  silica,  that, 
ven  .when  subjected  to  intense  heat,  they  remain  as  a  siliceous  skeleton, 
etaining  the  original  form  and  markings  of  the  cell  walls.  The  walls 
f  the  cells,  particularly  on  the  valve  side,  are  often  ornamented  with 
Lumerous  fine,  transverse  markings  or  ribs,  and  also  with  small 
protuberances  and  cavities.  In  many  instances  (Fig.  3)  a  longitudinal 
ine  corresponding  to  an  opening  in  the  cell  w^alls,  and  exhibiting 
wollen  nodules  at  both  extremities  and  in  the  middle,  is  distinguish- 
ble  in  the  surface  of  the  valves.  Forms  provided  with  such  a  median 
uture  or  raphe  are  characterised  by  peculiar  backward -creeping 
Qovements,  resulting  from  the  extrusion  of  proto2)lasmic  protrusions 
rom  their  longitudinal  edges.  Each  frustule  has  always  a  central 
Lucleus  and  one  (Fig.  3)  or  two  large  or  numerous  smaller  (Fig. 
!33,  D)  chromatophores  embedded  in  its  parietal  protoplasm.  These 
hromatophores  or  endochrome  plates,  as  they  are  often  called, 
,re  flat,  frequently  lobed,  and  of  a  brownish -yellow  colour.  In 
,ddition  to  chlorophyll  they  contain  a  golden  brown  colouring  matter, 
ermed  DIATOMIN.  Globules  of  a  fatty  oil  are  also  included  in 
he  cell  contents,  and  take  the  place  of  starch  as  an  assimilation 
)roduct. 

The  Diatomeae  multiply  vegetatively  by  bipartition,  which  always 
akes  place  in  one  direction.  In  this  process  the  two  valves  are  first 
)ushed  apart  from  one  another  by  the  increasing  protoplasmic  contents 
if  the  mother  cell,  which  then  divides  longitudinally  and  always  in 
uch  a  direction  that  each  of  the  two  new  cells  retains  one  valve  of  the 
»riginal  frustule.  After  the  division  of  the  protoplasm  of  the  mother 
ell  is  accomplished,  each  daughter  cell  forms,  on  its  naked  side,  a 
lew  valve  fitting  into  the  old  one.  The  two  valves  of  a  cell  are 
herefore  of  different  ages.  In  consequence  of  this  peculiar  manner  of 
livision,  as  the  walls  of  the  cells  are  silicified  and  incapable  of  dis- 
sension, the  daughter  cells  become  successively  smaller  and  smaller, 
mtil  finally,  after  becoming  reduced  to  a  definite  minimum  size,  they 
uidergo  transformation  into  AUXOSPORES.  The  auxospores  are  usually 
iWo  or  three  times  larger  than  the  frustules  from  which  they  arise. 
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and  hy  their  further  development  they  re-establish  the  original  siz( 
of  the  cells. 

The  formation  of  auxospores  is  accomplished  in  varions  ways.  In  the  case  o 
Mclosira,  a  free-swimming  genus  whose  cells  are  joined  together  in  chains,  th 
single  cells  simply  SAvell  greatly  in  size,  and  secrete  two  new  valves  (Fig.  233,  L) 

An  altogether  different  mode  of  spore 
formation  is  exhibited  by  the  isolated 
unattached  cells  of  Cocconcma  lancco 
latum  (Fig.  233,  B).  In  this  instance 
two  cells  place  themselves  together  sid^ 
by  side,  and  throwing  otf  their  valves 
surround  themselves  with  an  envelop 
ing  gelatinous  mass.  Each  nake( 
protoplast,  without,  hoAvever,  under 
going  conjugation,  is  then  transformec 
into  a  single  large  auxospore,  whicl 
ultimately  becomes  invested  with  j 
new  cell  wall.  In  other  genera  trui 
conjugation  occurs  ;  thus,  in  the  cas( 
of  Himantidium  pedinalc  (Fig.  233 
A),  each  auxospore  is  the  result  of  tin 
conjugation  of  two  individuals.  Oi 
the  other  hand,  in  the  formation  o 
the  auxospores  of  Epithcmia  tnrgidc 
(Fig.  233,  C),  each  of  the  conjugating 
frustules  first  divides  into  daughtei 
cells,  which  then,  fusing  two  and  tw( 
with  the  corresponding  daughter  cells  of  tlu^  other  frustule,  give  rise  to  two  auxo 
spores.  The  auxospores  do  not  pass  through  a  period  of  rest,  but  begin  at  once  t( 
multiply  by  division. 

Countless  numbers  of  Diatoms  live  in  the  ocean,  and  they  constitute  also  a  prO' 
portionately  large  part  of  the  plankton,  that  is,  the  free-swimming  organic  world 
on  the  surface  of  the  sea.  The  plankton  Diatoms  have  no  middle  suture  or  raplu 
on  the  surface  of  their  valves,  and  are  especially  adapted  to  swimming  or  fioating. 
To  this  end  they  are  often  provided  with  horn-like  protuberances  or  membranous 
wings,  Avhich,  like  the  contrivances  of  seeds  for  a  similar  purpose,  greatly  enlianct 
their  buoyancy. 

Diatoms  occur  also  as  fossils.  Their  silicified  valves  form  a  large  part  of  the 
deposits  of  Siliceous  Earth,  Kieselguhr,  mountain  meal,  etc.,  and  in  this  form 
they  are  utilised  in  the  manufacture  of  dynamite. 

On  account  of  the  extreme  fineness  of  the  markings  of  their  valves,  it  is  cus- 
tomary to  employ  certain  species  of  Diatoms  as  test  objects  for  trying  the  lenses  ol 
microscopes.  PlcurosUjma  angulatum  is  commonly  used  for  this  purpose,  and,  with 
a  sufficiently  strong  lens,  it  is  possible  to  distinguish  on" the  surface  of  the  S-sliaped 
valves  a  system  of  fine  jnarkings,  forming  a  network  of  six-sided  meshes  to  the 
riglit  and  left  of  the  raphe. 


Fig.  233.— Formation  of  auxospores.  A,  Himanti- 
dhnn  pcctinalc  (x  200)  ;  //,  Cocconeina  lanceol(dum 
(  X  400) ;  C,  Epithemia  turgida  (  x  200)  ;  D,  Melosirn 
varians  (x  250).  (A-C  after  Sjiith  ;  D  after 
Pfitzer.) 
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Class  IV. 


Peridineae 


The  Peridineae  or  Dinoflagcllata  were  formerly  classed  with  the  lowest  animals, 
but  are,  in  reality,  unicellular  Thallophytes.  They  live  for  the  most  part  in  salt 
kvater,  and  form,  together  with  the  Diatomeac,  an  important  part  of  the  plankton 
floating  on  the  surface  of  the  ocean.  Their  cell  plasma  contains  a  nucleus,  a  com- 
plicated system  of  vacuoles,  and  light  yellow,  tabular  cliromatophores.  The  pres- 
mce  of  these  cliromatophores  in  the  Peridineae  has,  in  particular,  been  considered 
ndicative  of  their  vegetable  nature.  The  Peridineae 
ire  further  characterised  by  two  long  protoplasmic  Z:'' 
tilia  or  flagella,  to  the  vibrations  of  which  the  move- 
nents  of  the  cells  are  due.  The  flagella  spring  from 
;he  ventral  side  of  the  cells,  and  lie  in  two  furrows, 
vhich  cross  each  other  at  right  angles,  on  their 
;urface  (Fig.  234).  Only  a  few  Peridineae  are  entirely 
laked  ;  most  of  them  have  peculiarly  sculptured  cell 
vails,  consisting  of  intersecting  cellulose  plates  or 
ibs.  They  multiply  by  division,  and  in  the  autumn 
brm  thick -walled  cysts,  in  which  condition  they 
jass  the  winter.    Conjugation  has  not  been  observed. 

In  addition  to  the  forms  which,  like  Algae,  sus- 
ain  themselves  by  means  of  assimilating  yellow 
ihromatophores,  there  occur  also  colourless  Peri- 
lineae,  whose  chroniatophores  are  only  represented 
)y  colourless  leucoplasts.     Such  species,  although 

learly  related  to  the  brown  Peridineae,  live  either  as  saprophytes  or  in  the  same 
vay  as  animals.  Gymnodiniuni  hyaliimm,  a  colourless,  naked,  fresh-water  form, 
jxhibits  a  mode  of  life  resembling  that  of  a  Myxomycete.  For  the  purpose  of 
ibsorbing  nourishment  it  loses  its  cilia  and  assumes  the  form  of  an  amceba  ;  in 
;his  condition  it  encloses  and  digests  small  Algae, 


Fig.  234.— Peridiniinn  hijies,  ven- 
tral view.  (After  Schilling, 
X  750.) 


Class  V 
Conjug'atae 

In  the  class  of  the  Conjugatae  is  included  a  large  independent 
^roup  of  green,  fresh-water  Algae,  comprising  over  1000  species,  in 
he  form  either  of  solitary  cells  or  filamentous  rows  of  cells.  They 
lerive  their  name  from  their  peculiar  mode  of  sexual  reproduction, 
vhich  consists  in  the  CONJUGATION  of  two  apparently  similar  cells, 
esulting  in  the  formation  of  a  zygospore.  They  are  in  this  respect 
iharply  distinguished  from  all  the  other  green  Algae,  the  Chlorophyceae, 
rom  which  they  may  be  distinguished  also  by  the  absence  of  any 
Lsexual  mode  of  spore-formation,  and  by  the  complicated  structure  of 
heir  green  chromatophores. 
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1.  Zygnp:maceae. — In  this  famil}-,  all  of  which  are  filamentous  in 
character,  the  genus  Spirog(/m,  with  its  numerous  species,  is  the  best 
known.  It  is  commonly  found  in  standing  water  forming  unattached 
masses  of  intertangled  green  filaments.  The  filaments  exhibit  no  dis- 
tinction of  base  and  apex,  and  are  composed  of 
simple  rows  of  cells,  which  vary  in  length  in 
different  species.  Growth  results  from  the  divi- 
sion and  elongation  of  the  cells  in  one  direction 
only  {cf.  Fig.  65,  p.  64).  Each  cell  has  a  large 
nucleus  situated  either  in  the  peripheral  proto- 
plasm or  suspended  in  the  centre  of  the  cell  by 
protoplasmic  threads  extending  from  the  parietal 
protoplasm.  The  name  of  the  genus,  Spirogijra, 
is  due  to  the  peculiar  spiral  form  of  its  green 
band-like  chromatophores.  These  spiral  bands  lie 
in  the  })arietal  protoplasm,  and  contain  numerous 
pyrenoids  (p.  71).  In  Fig.  235  is  represented  a 
Ir  species  with  three  such  spiral  chromatophores  ;  in 
other  species  their 
number  is  some- 
times less,  some- 
times more.  The 
chromatophores  in 
the  other  genera  of 
the  Zi/giiemureae  ex- 
hibit a  variety  of 
form  ;  thus,  in  the 
filaments  of  Zgg- 
nema  the  chromato- 
phores are  star- 
shaped. 

Conjugation,  in 
the  case  of  Spirogi/m, 
is  preceded  by  the 
development  of  con- 
verging lateral  processes  from  the  cells 
of  adjacent  filaments.  When  two  pro- 
cesses from  opposite  cells  meet  (Fig. 
236,  A),  their  walls  become  absorbed  at 
the  point  of  contact,  and  the  M'hole 
protoplasmic  contents  of  one  cell,  after 
contracting  from  the  cell  wall,  passes 
through  the  canal  which  is  thus  formed  into  the  opposite  cell.  The 
protoplasm  and  nuclei  of  the  conjugating  protoplasts  then  fuse 
together  and  form  a  zygospore  invested  with  a  thick  wall,  and  filled 
with  fatty  substances  and  reddish-l)rown  mucous  globules.    It  is  the 


Fig.  235. —Cell  from  a 
filament  of  Spirogyra  ; 
k,  nucleus ;  ch,  chro- 
matophore ;  p,  pyre- 
noid.   (X  200.) 


Fio.  236.—^,  Conjugation  of  Spirogjitv 
qu  in  ina  (  X  240).  B,  Spirogyra  longnto 
(x  1 '•(>);  zyt,'Ospore. 
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function  of  the  zygospore  to  act  as  a  resting-spore,  to  tide  over  the 
winter  or  a  period  of  drought,  and  eventually,  on  germination,  to  give 
rise  to  a  new  filament  of  Spirogyra.  This  form  of  conjugation,  which 
is  the  one  23eculiar  to  most  species,  is  described  as  scalariform  (Fig. 
236,  A),  as  distinct  from  the  lateral  conjugation  of  some  species,  in 
which  two  adjacent  cells  of  the  same  filament  conjugate  by  the 
development  of  coalescing  processes,  which  are  formed  near  their  trans- 
verse wall  (Fig.  236,  B). 

2.  Mesocakpaceae. — The  representatives  of  this  family  are  also  composed  of 
filamentous  rows  of  cells,  but  exhibit  a  difference  in  their  mode  of  conjugation. 
In  this  case,  in  the  process  of  conjugation,  which  is  either  scalariform  or  lateral, 
only  a  portion  of  the  protoplasm  of  both  conjugating  protoplasts,  together  with 
their  nuclei  and  a  greater  part  of  their  chromatophores,  passes  into  the  connecting 
canal,  and  there,  fusing  into  a  zygosjjore,  becomes  separated  from  the  parent  cells 
by  transverse  walls. 

3.  In  the  Desmidiaceae,  the  third  family  of  the  Conjugatae,  are  comjirised  the 


Fir;.  237. — A,  Cosmarium  coelatuni  in  process  of  Fig.  238.— Closterium  moniliftrura ;  p, 

division  ;  B,  Cosriw/rium  Botrytis  ;  C,  the  same  pyrenoid ;  K,  vesicle  with  crystals, 

with  fully-developed  zygospore;  D,  MicroMerias  (x  240.) 
Crux  melitensis.    (After  Ralfs.) 


unicellular  forms.  They  are  ornamented  with  delicate  markings,  and,  like  the 
Diatoms,  exhibit  a  great  variety  of  form  (Figs.  237,  238).  Their  cells  are  composed 
of  two  symmetrical  halves,  separated,  as  a  rule,  from  each  other  by  a  deep 
constriction,  the  isthmus.  Each  half  contains  a  large,  radiate,  irregularly 
defined  chromatophore,  or  a  number  of  plate-like  chromatophores  united  into 
one.  Within  the  chromatophores  are  disposed  several  pyrenoids,  while  the 
nucleus  lies  in  the  centre  of  the  cell  in  the  constriction.  The  cells  themselves 
display  a  gi'eat  diversity  of  form  and  external  configuration  (Figs.  237,  238).  The 
cell  walls  are  frequently  beset  with  wart-  or  horn-like  protuberances.  In  some 
genera  there  is  no  constriction  between  the  two  halves  of  the  cell.  This  is  the 
case,  for  instance,  in  the  crescent-shaped  Closterium  moniliferum  (Fig.  238),  whose 
two  chromatophores  consist  of  six  elongated  plates,  united  in  the  long  axis  of  the 
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plant,  while  in  each  end  of  the  cell  there  is  a  small  vacuole  containing  minute 
crystals  of  gypsum  in  constant  motion.  ^lany  Desmids  are  characterised  by 
heliotactic  movements  ;  they  protrude  fine  mucilaginous  threads  through  the  cell 
walls,  by  means  of  which  they  can  push  themselves  along,  and  take  up  a  position 
in  a  line  with  the  direction  of  the  incident  rays  of  light. 

Alultiplication  is  effected  by  cell  division.  This  is  accomplished  by  the  forma- 
tion of  a  partition  wall  across  the  middle  of  the  cell  after  the  nuclear  division  is 
comi)leted.  Each  daughter  cell  eventually  attains  the  size  and  form  of  the  mother 
cell,  by  the  outgrowth  of  a  new  half  on  the  side  towards  the  new  division  wall  (Fig. 
237,  A).  After  the  completion  of  their  growth,  the  two  cells  separate  from  each 
other. 

The  conjugation  of  the  protoplasts  takes  place,  in  the  case  of  the  Dcsmidiaccac, 
outside  their  cell  walls.  Two  cells  approach  each  other,  and  surround  them- 
selves with  a  mucilaginous  envelope.  Their  cell  walls  rupture  at  the  constriction, 
and  parting  in  half  allow  the  protoplasts  to  escape,  which  then  unite  to  form  a 
zygospore.  The  zygospores  of  the  Desmidiaccae  frequently  present  a  very  character- 
istic appearance,  as  their  walls  are  often  beset  with  spines  (Fig.  237,  C).  The  four 
empty  cell  halves  may  be  seen  close  to  the  spore. 


Class  YI 
Chlorophyceae  (Green  Algae) 

In  the  Cldorophyceae  are  included  the  majority  of  the  Algae  pro- 
vided with  green  chromatophores.  They  group  themselves  naturally 
into  three  orders,  according  to  the  structure  of  the  thallus :  the  Froto- 
coccoidcae,  whicli  include  all  the  unicellular  forms,  whether  living  as 
isolated  cells  or  as  cell  colonies  ;  the  Confcrvoideae,  comprising  forms 
consisting  of  simple  or  branched  cell  filaments  or  cell  surfaces ;  the 
Siphoneae,  with  a  thallus  variously  developed,  but  usuall}'  consisting  of 
a  single,  multinuclear,  tubular  cell. 

Sexual  reproduction  has  not  been  demonstrated  for  all  species  of 
the  Cldoropliijceae.  In  the  simplest  cases  it  is  effected  by  the  conjuga- 
tion of  naked  gametes,  of  similar  form  and  equal  size.  The  gametes, 
as  distinct  from  those  of  the  Conjugatae,  are  motile  ciliated  protoplasts, 
and  are  known  as  Planogametos.  In  other  genera  there  is  a  difler- 
entiation  of  the  sexual  cells  into  a  female  non- motile  egg- cell  or 
OOSPHERE  and  a  motile  ciliated  male  cell  or  srKiniATOZOiD.  Examjdes 
of  this  advance  from  iscxiAMY  to  oogamy  are  atiorded  by  each  of  the 
aljove  three  orders. 

In  addition  to  asexual  reproduction,  the  Chlonpht/ceae  almost 
always  exhibit  an  asexual  mode  of  reproduction  by  the  formation  of 
motile  ciliated  swARM-SPORKs  (zoospores)  which  resemble  the  piano- 
gametes. 

Tiie  cells  in  whicli  the  swarm-spores  are  formed  are  termed 
SPORANGIA ;  similarly  those  producing  gametes  are  designated  game- 
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TANGIA.  Cells  in  which  spermatozoids  take  their  origin  are  termed 
ANTHERIDIA ;  those  giving  rise  to  egg-cells,  OOGONIA.  If  the  sexual 
form  be  derived  from  an  asexual  form  of  reproduction,  all  these  organs, 
as  well  as  those  similarly  named  in  the  other  classes  of  the  Thallophytes, 
must  be  regarded  as  homologous. 

The  Conjugatae  and  Characeac,  as  well  as  the  three  orders  of  the  Chlorophyccae, 
also  possess  green  chromatophores,  and  hence  the  designation  Green  Algae,  in  its 
widest,  unrestricted  sense,  is  also  applicable  to  them.  The  Conjugatae,  however, 
are  sharply  characterised  by  their  peculiar  manner  of  sexual  reproduction.  The 
Cliaraceae  also  form  a  distinct  group,  and  are  marked  off  from  the  Cldorophyceac 
by  the  more  highly  advanced  segmentation  of  their  thallus  and  the  more  compli- 
cated structure  of  the  female  sexual  organs  and  of  the  antheridia,  both  of  Avhich 
are  enclosed  within  special  enveloping  receptacles,  while  the  antheridia  and  oogonia 
of  the  Chlorophyceae  are  always  devoid  of  any  external  covering  of  sheathing 
sterile  cells. 

Order  1.  Protoeoecoideae 

The  Protoeoecoideae  include  only  unicellular  Algae,  whose  cells  lead  a 
separate  existence,  or  are  united  into  cell  families  with  a  definite  or  in- 
definite order  of  arrangement.  They  occur,  for  the  most  })art,  as  freely- 
swimming,  fresh-water  forms,  but  are  also  found  in  damp  places.  The 
cells  are  uninuclear,  and  contain  one  or  more  chromatophores.  In  the 
simpler  forms  multiplication  takes  place  vegetatively  by  cell  division ; 
but,  in  most  cases,  asexual  swarm-spores,  provided  with  two  cilia,  are 
produced.  Sexual  reproduction,  which  does  not  occur  in  all  genera, 
is  effected  by  the  conjugation  of  two  exactly  similar  planogametes 
w^hich  fuse  into  a  zygospore  or  zygote.  The  fertilisation  of  an 
egg  by  a  motile  spermatozoid  is  only  known  to  take  place  in  the  case 
of  Eiidorina  and  Volvox. 

Many  of  the  Protoeoecoideae  are  polymorphous,  and  assume,  according  to  the 
season  of  the  year  and  the  conditions  of  their  environment,  different  external  forms 
corresponding  to  different  stages  in  their  development. 

Scenedesmus  acutus,  a  polymorphous  free-swimming  form,  very  common  every- 
where in  water,  is  gener- 
ally found  in  small  cell- 
families,  consisting  of 
four  spindle-shaped  cells 
lying  close  together  (Fig. 
239,  i,  k).  Under  certain 
conditions,  however,  this 
Alga  passes  into  the  Pal- 
mella  stage,  and  it  then 
appears  as  spherical  cells, 
multiplying  by  cell  divi- 
sion {a,  b).  Each  of  these 
cells  may  again  divide 
into  four  spindle-shaped 
cells,  which,  after  escaping  from  the  mother  cell,  either  remain  isolated  (f,  d,  e) 
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orconnected  together  by  fine  threads  (Dactylococeus  stage,  Fig.  239,  g).  By  the  longi- 
tudinal division  of  the  cells  of  these  forms  the  four-celled  Sccncdcs/nus  lamily  may 
again  be  produced  (/,  //,  i,  k).    No  formation  of  swarm-spores  occurs  in  this  Alga. 

One  of  the  simplest  forms  of  this  order  is  represented  by  the  genus  Chlorella,  which 
multiplies  solely  by  cell  division.  This  genus  is  particularly  interesting  also  from  a 
biological  standpoint,  as  its  small  round'cells  live  symbiotically  in  the  plasma  of  In  fu- 
soria, in  tlie  cells  of  Hi/dra  viridis,  Spontjilhi  ffuviatilis,  and  other  lower  animals. 

Pcdiasti'um  (Fig.  240)  maybe  cited  as  an  example  of  a  genus  which  gives  rise  to 
cell-families.  Each  cell-family  forms  a  free-swimming  plate,  composed  internally  of 
polygonal  cells,  and  on  tlie  margin  it  consists  of  cells  more  or  less  acutely  crenated. 

The  formation  of  asexual  swarm-si»ores  is 
I'tfected  in  Pcdiastruiii  by  the  division 
of  the  contents  of  a  cell  into  a  number  (in 
the  case  of  the  species  illustratiKi,  P. 
ijranulatum,  into  16)  of  naked  swarm- 
spores,  each  with  two  cilia.  The  swarm- 
spores,  on  escaping  through  the  rujttured 
cell  wall  (Fig.  240,  J,  I),  are  enclosed  in 
a  common  envelope.  After  first  moving 
vigorously  about  within  this  envelope, 
tliey  eventually  collect  together  and  form 
a  new  cell-family.  Pediastnun  jxtssesses 
also  an  asexual  mode  of  reprotluction. 
The  gametes  are  all  of  equal  size,  aud, 
except  that  they  are  smaller  and  are  pro- 
duced in  greater  numbei-s,  they  are  other- 
wise similar  to  the  swarm-sjwres.  They 
move  freely  about  in  the  water,  and  in 
conjugating  fuse  in  jKiirs  to  form  zygotes. 
The  further  develoi>meut  of  the  zygotes 
into  cell-families  is  not  yet  fully  known. 
In  the  spring  the  cell -families  develop 
from  peculiar,  thick-walled,  spiniferous  resting-cells  or  polyhedua,  the  contents 
of  which  separate  into  swarm-spores,  which  escape  enclosed  in  a  common  envelojK', 
and  give  rise  to  a  new  family.  The  polyhedra  are  probably  formed  from  swarm- 
spores  developed  in  the  zygotes. 

The  J'dvocaccae  include  also  forms  whose  cells  live  either  isolated  or  united  into 


spores  ;  h, 


t;.  "240. — Ped'mstrum  <jnuiithitiiin. 
cell-family  :  a,  cells  cotitaininj^ 
spores  in  jirocess  of  extrusion  (the  other 
cells  have  already  discharijed  their  spores) ; 
B,  cell-family  shortly  after  extrusion  of 
the  spores ;  C,  cell-family  4t  hours  later. 
(After  Al.  Bkain,  x  300.) 


Fio.  241.— .4,  B,  Sphixa-elUi  pluvialis  (x3tiO):  .4,  swarming  cell;  B,  formation  of  swarra-si»ore«. 
C-G,  SphacrcUa  Buts<hlii :  C,  formation  of  ^anietes  ( x  400) ;  D,  gamete  ;  K,  conjugation  of  two 
gametes  ;  F,  G,  zygotes  (xSOO).    (C-G  after  Bloi  hmanx.) 

colonies,  but  which,  unlike  the  types  of  the  /V- '..  ■...•.  -/«/.      heretofore  eon-i'l  ii d, 
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are  also  provided  in  their  vegetative  state  with  cilia  aud  surrounded  by  a  delicate 
envelope.  The  cilia,  usually  two  in  number,  project  through  this  external  envelope, 
and  by  means  of  them  the  Algae  of  this  family  are  enabled  to  swim  freely  about. 
In  this  respect  they  continue  their  vegetative  existence  in  that  condition  which,  in 
the  case  of  the  other  Protococcoideae,  is  only  assumed  transitionally  by  the  swarm- 
spores.  The  multiplication  of  the  Volvocaceae  is  effected  by  simple  division  of  the 
ciliated  cells  ;  their  sexual  reproduction  by  conjugating  gametes  or  by  means  of  egg- 


FiG.  242. — Volvox  aureus.  A,  Colony  with  three  eggs,  o,  shortly  after  fertilisation  ;  a,  spermato- 
zold-packets  in  process  of  development;  t,  vegetative  daughter  colonies  (xlSO);  JB,  sper- 
uiatozoid- packet  of  32  cells,  seen  from  above;  C,  the  same  seen  from  the  side(x6S7);  D, 
spennatozoids  (  X  824)l    (After  L.  Klein.) 

cells  fertilised  by  spennatozoids.  The  genus  Sphaerella  {Haematococcus)  belongs 
to  the  simplest  solitary  forms  of  this  family,  the  presence  of  some  forms  of  which 
(particularly  ,S'.  pluvialis),  on  account  of  the  hsematochrome  contained  in  their 
protoplasm,  often  impart  a  bright  red  colour  to  small  pools  of  water  in  which  they 
are  found.  Sphaerella  nivalis,  another  species  of  this  same  genus,  is  also  the  cause 
of  the  so-called  "red-snow  "  of  the  suowfields  in  high  northern  latitudes  and  in  the 
Alps.  The  swarm-cells  have  a  widely-distended  envelope  and  two  cilia  (Fig.  241, 
A).  They  can  withdraw  their  cilia  and  become  resting  -  cells,  which  eventually 
separate  again  into  several  swarm-cells  by  the  division  of  their  protoplasmic  contents 
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{B).  The  gametes,  which  may  be  produced  in  huge  numbers  {'i'l  or  64)  in  everv 
cell  (C),  possess  two  delicate  cilia,  a  red  eye-spot,  and  a  chromatophore.  After 
swarming,  the  gametes  conjugate  in  pairs  {E)  and  give  rise  to  zygotes  {F).  The 
zygotes  become  invested  with  a  thick  wall,  and  serve  as  resting-spores  {G).  "While 
the  gametes  of  SphacreUa  and  of  most  other  Volvocaccac  are  similar  and  of  equal 
size,  in  the  case  of  Eudurina  and  Vulvox,  which  may  also  be  considered  as  the 
most  highly-developed  forms  of  the  whole  order,  the  sexual  cells  are  more  ditter- 
entiated,  and  assume  the  form  of  large  passive  egg-cells  and  small  biciliate  sperma- 
tozoids.  The  genus  J\>Ivox,  as  represented  by  the  species  V.  ijlubatur  and  V. 
aureus  {V.  minor),  found  in  small  pools  and  ditches,  forms  liollow,  spherical 
colonies  (ccenobia),  which  are  often  large  enough  to  be  visible  to  the  naked  eye. 
Tlie  colonies  are  composed  of  numerous  cells  (up  to  22,000),  regularly  distributed 
in  a  peripheral  laj'er.  The  cells  are  connected  laterally  with  each  other  by  jiroto- 
plasmic  threads,  usually  six  in  number,  which  extend  through  their  distended  cell 
walls  (Fig.  242,  A),  and  from  each  cell  two  delicate  cilia  are  given  otf  externally. 
The  Voli'ox  colonies  multiply  vegetatively  by  the  formation  and  final  escape  of  new 
daughter  colonies,  resulting  from  the  division  of  a  single  cell  {A,  t).  Sperniatozoids 
and  egg-cells  are  produced  either  in  the  same  or  diHerent  colonies.  The  sperniato- 
zoids arise  through  the  division  of  sitecial  cells  (so-called  antheridia)  into  numerous 
.  daughter  cells,  which  eventually  form  tabular  i)ackets  of  elongated  sperniatozoids 
{B,  C).  The  anterior  extremity  of  the  sperniatozoids  of  Volrox  aureus  is  colourless, 
and  terminates  in  two  cilia  ;  in  their  opposite,  posterior  end  the  spermatozoids 
contain  a  bright  green  chromatophore.  In  the  anterior  jjortiou  there  are  a  lateral 
red  eye-spot,  two  contractile  vacuoles,  and  a  cell-nucleus  {D).  The  egg-cells  are 
produced  by  the  enlargement  of  individual  cells  of  the  colony.  They  are  large 
and  green,  non-motile,  and  surrounded  by  a  gelatinous  envelope  {A,  o).  After 
fertilisation  by  the  spermatozoids,  which,  in  swarming,  escape  into  the  interior  of 
the  hollow  spherical  colony,  they  become  transformed^  into  firm -walled  re>ting 
oospores,  which  on  germination  gives  rise  to  a  new  colony.  The  mother  colony 
dies  after  the  egg-cells  have  reached  maturity. 


Order  2.  Confervoideae 

The  Confervoideae  exhibit,  as  compared  with  the  imicelhUar  7Vo/(>- 
coccoideae,  an  advance  in  the  external  segmentation  ofsthe  thalhis.  It 
is  always  multicellular,  and,  in  most  of  the  genera,  consists  of  simjile 
or  branched  filaments.  The  thallus  of  the  marine  genus  U/ra  {L'lvn 
lactnca,  sea  lettuce)  has,  however,  the  form  of  a  large,  leaf-like  cell 
surface  (Fig.  5,  \).  12).  Although  a  greater  part  of  the  Cotifervuideac  live 
in  fresh  or  salt  watt,r,  where  they  are  found  either  free-swimming  or 
attached  to  some  substratum  by  a  colourless  basal  root-cell,  a  few 
aerial  forms  {Chrooh'jtidcac)  grow  on  stones,  trunks  of  trees,  and,  in  the 
tropics,  on  leaves.  To  this  tamily  belongs  the  aerial  Alga  TreutcpvhJm 
(or  Chroolepus)  Jnlifhus,  often  found  growing  on  stones  in  mountainous 
regions.  The  cell  filaments  of  this  species  apjiear  red  on  account  of 
the  ha^matochrome  they  contain,  and  possess  a  violet-like  odour. 

The  asexual  rei)roduction  of  the  Confervoideae  is  accomiilislied  by 
the  formation  of  ciliated  swarm-spores,  although  in  many  cases  they 
may  also  develop  resistant  resting-spores. 
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Sexual  reproduction  is  effected  either  hy  the  fusion  of  piano- 
gametes  (p.  319),  or  the  sexual  cells  are  differentiated  as  non-motile 
egg-cells  and  motile  spermatozoids. 

Ulothrix  zoiiata,  almost  everywhere  abundant  in  fresh  water,  may  serve  as  a  type 
of  the  isogamous  Confervoideae.  The  filaments  of  Ulothrix  exhibit  no  pronounced 
apical  growth  ;  they  are  unbranched,  attached  by  a  rliizoid  cell,  and  consist  of  single 
rows  of  short  cells  (Fig,  243,  A). 
Each  cell  contains  a  nucleus  and  one 
band -shaped,  green  chromatophore 
in  the  form  of  an  almost  complete 
hollow  cylinder.  Asexual  repro- 
duction is  effected  by  means  of 
swarm  -  spores  (1-8),  which  have 
four  cilia  (C),  and  are  formed  by 
division  in  any  cell  of  the  filament. 
The  swarm -spores  escajie  through 
a  lateral  opening  {B)  formed  by 
absorption  of  the  cell  wall,  and, 
after  swarming,  give  rise  to  new 
filaments.  The  sexual  swarm-cells, 
or  planogametes,  are  formed  in  a 
similar  manner  by  the  division  of 
the  cells,  but  in  much  greater 
numbers.  They  are  also  smaller, 
and  possess  only  two  cilia.  In  other 
respects  they  resemble  the  swarm- 
>pores,  and  possess  a  red-eye-spot 
and  one  chromatophore.  By  the 
conjugation  of  the  planogametes  in 
pairs,  zygotes  {F-H)  are  produced, 
which,  after  drawing  in  their  cilia, 
round  themselves  off  and  become 
invested  with  a  cell  wall.  After 
a  shorter  or  longer  period  of  rest 
the  zygotes  are  cojiverted  into  uni- 
cellular germ  plants  {J),  and  give- 
rise  to  several  swarm -spores  {K), 
which  in  turn  grow  out  into  new 
filaments.  Ulothrix,  like  many  fila- 
mentous Algae,  passes  into  a  so- 
called  Palmella  stage,  in  which, 
under  certain  conditions,  the  sepa- 
rate cells  of  the  filaments  give  rise  by 

division  to  colonies  of  cells.  The  individual  rounded  cells  thus  produced  have  often 
been  mistaken  for  species  of  Protococcoideac.  In  this  manner,  according  to  Chodat, 
is  formed  the  common  Fleurococcus  vulgaris,  which  occurs  as  the  green  covering  on 
the  trunks  of  trees,  and  consists  of  round  cells  which  multiply  by  division,  in 
which,  however,  the  formation  of  swarm-spores  has  been  suppressed  in  the  course 
of  adaptation  to  an  aerial  mode  of  existence.  In  its  unicellular  condition,  accord- 
ing to  Chodat,  the  cells  are  round,  and  multiply  by  division  ;  they  either  remain 


Fig.  -liS.— Ulothrix  zonata 


a 

A,  Young 

filament 
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rhizoitl  cell  )•  (  x  300) ;  B,  portion  of  filament  with 
escaping  swarni-spores  ;  C,  single  swarm-spore  ;  D, 
formation  and  escape  of  gametes  ;  E,  gametes  ;  F,  G, 
conjugation  of  two  gametes  ;  H,  zygote:  J,  zygote 
after  period  of  rest ;  A',  zygote  after  division  into 
swarin-spores.    (After  Dodel-Port,  B-Kx4&2.) 
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isolated  or  tliey  may  be  united  in  groups  of  two  or  more  ;  but  under  some  circum- 
stances they  produce  sliort,  branched  cell  filaments. 

Cladophora  is  a  genus  comprising  numerous  si)ecies,  including  Cladojyhoi-a  glom- 
erata,  a  form  specially  abundant  in  rivers.  It  consists  of  branched  filaments  of  long 
cells,  growing  in  tufts  attached  to  a  support,  and  exhibiting  well-marked  apical 
growth  (Fig.  6,  p.  12).  The  cells,  unlike  those  of  Ulotlirix,  are  multinuclear,  and 
contain  also  numerous  polygonal,  closely-crowded  chromatophores  (Fig.  60,  p.  59). 
By  the  protrusion  and  elongation  of  lateral  outgrowths  from  the  cells  just  below 
their  upper  transverse  walls,  the  filaments  become  extensively  branched  ;  while,  in 
addition  to  tlieir  apical  growth,  they  increase  in  length  also  by  the  division  of  the 
cells  and  the  formation  of  new  transverse  walls  (Fig.  66,  }>.  64).  The  swarm-spores 
of  this  species  are  biciliate  (Fig.  244),  and  are  formed  in  large  numbers  in  tlie  cells 
at  the  tips  of  the  branches,  from  which  they  escape  through  an  opening  in  the  upper 
end  of  the  lateral  wall.    Having  completed  their  swarming,  they  become  invested 


Fig.  2\A.  —  Cladophora  glome-      Fig.  245.— .4,  B,  Oetlogonium  :  A,  escaping  swariii-spores ;  B,  frw 
rata.  Swarm-spore,  (x  540.)         swarin-spore.    C,  D,  Ocilogonium  riliatum:  C,  before  fertilisa- 
tion ;  D,  in  process  of  fertilisation  ;  o,  oogonia  ;  n,  dwarf- 
males  ;  .S,  sperinatozoid.   (After  Prinqsheiu,  x  350.) 

with  a  cell  wall,  and,  after  a  period  of  rest,  they  eventually  grow  out  into  a  new  cell 
filament.  In  otlier  species  of  Cladophora,  smaller,  sexual  swarm-si»ores  have  also 
been  observed  which,  as  in  the  case  of  Ulothrix,  fuse  together  in  pairs  in  the  pro- 
cess of  conjugation. 

The  genera  Ocdogonium  and  Bulbochactc  may  be  quoted  as  examples  of  ooganious 
Confervoidcac.  While  the  thallus  of  the  latter  is  branched,  the  numerous 
species  of  Oedogonium  consist  of  iinbranched  filaments,  each  cell  of  which 
possesses  one  nucleus  and  a  single  parietal  chromatophore  composed  of  numerous 
united  bands.  The  asexual  swarm-spores  of  Oedogonium  are  unusually  large  and 
have  a  circlet  of  cilia  around  their  colourless  anterior  extremity  (Fig.  245,  Ji).  In 
this  case  the  swarm-spores  are  formed  singly,  from  tlie  wliole  contents  of  any 
.single  cell  of  the  filament  {A),  and  escape  by  the  rupture  of  the  cell  wall.  For  the 
}>urpose  of  sexual  reproduction,  on  the  otlier  hand,  special  cells  become  swollen 
and  difierentiated  into  barrel  -  shafted  oogonia.  A  single  large  egg-cell  with  a 
colourless  receptive  spot  is  formed  in  each  oogonium  by  the  contraction  of  it« 
l)roto[»lasni,  while  the  wall  of  the  oogonium  becomes  jierforated  b}-  an  opening  at 
a  point  opposite  the  receptive  spot  of  the  egg.  At  the  same  time,  other,  gener- 
ally shorter,  cells  of  the  same  or  another  filament  become  converted  into  antheridia. 
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Each  antheridium  gives  rise  either  to  one  or,  as  is  more  generally  the  case,  to  two 
spermatozoids.     The  spermatozoids  are  smaller  than  the  asexual  swarm -spores. 


the 


ojiemng 


tl 


le  oogonium 


but  have  a  similar  circlet  of  cilia.  They  penetrate 
and  fuse  with  the  egg -cell,  which  then  becomes 
transformed  into  a  large,  firm-walled  oospore.  On 
the  germination  of  the  oospore  its  contents  become 
divided  into  four  swarm-spores,  each  of  which  gives 
rise  to  a  new.  cell  filament.  In  the  adjoining  figure 
(Fig.  246)  a  germinating  oospore  of  Bulbochaete 
with  four  swarm-spores  is  represented. 

In  some  species  of  Oedogonium  the  process  of 
sexual  reproduction  is  more  complicated,  and  the 
spermatozoids  are  produced  in  so-called  dw^arf 
MALES.  These  are  short  filaments  (Fig.  245,  C,  a) 
consisting  of  but  few  cells,  and  are  developed  from 
asexual  swarm-spores  (androspores)  which,  after 
swarming,  attach  themselves  to  the  female  fila- 
ments, or  even  to  the  oogonia.  In  the  upper  cells 
of  the  dwarf-male  filaments  thus  derived  from  the 
androspores,  spermatozoids  are  produced  which  are  set  free  by  the  opening  of  a 
cap-like  lid  (Fig.  245,  D,  a).  In  consequence  of  the  greater  complication  in  the 
process  of  their  sexual  reproduction,  the  oogamous  Confervoideae  are  considered  to 
represent  a  higher  stage  of  development  than  the  isogamous  forms. 


-  Bulbochaete  intermedia. 
A,  Oospore  ;  B,  formation  of  four 
swarm-spores  in  tlie  germinating 
oospore.  (After  Peingsheim,  x 
250.) 


Order  3.  Siphoneae 

The  Siphoneae  are  distinguished  not  only  from  the  Chlorophijcme 
but  from  all  other  Algae  by  the  structure  of  their  thallus,  which, 
although  more  or  less  profusely  branched,  is  usually  composed  of  but 
one  cell,  or  if  it  is  multicellular,  each  cell  contains  several  nuclei.  In 
the  first  case,  the  cell  wall  encloses  a  single  protoplasmic  mass,  in  the 

I  peripheral  portions  of  which  are  embedded  the  many  nuclei  and  numerous 
small  green  chromatophores.  In  the  class  of  the  HypJwmi/cetes,  the 
FJiycomycetes,  or  Algal  Fungi,  exhibit  the  same  characteristic  structure, 

I  and  may  be  regarded  as  probably  derived  from  the  Siphoneae. 

The  Siphoneae  comprise  about  forty  genera,  which,  however,  do  not 
include  a  great  number  of  species.    They  live  for  the  most  part  in 

j  salt-water,  although  the  species  of  Vaucheria  thrive  in  fresh-water  or 

I  are  found  as  terrestrial  Algae,  growing  on  damp  soil.  Botrydium  is 
also  terrestrial,  while  some  forms  of  the  Siphoneae  are  endophytic,  and 
live  in  the*  leaves  of  the  higher  plants. 

I  Sexual  reproduction  has  advanced  to  oogamy  only  in  the  genus 
T^aucheria ;  in  other  instances  it  is  isogamous  and  the  conjugating 
gametes  are  alike  in  form  and  size. 

The  simplest  form  of  the  Sijjhoneae  is  represented  by  Botrydium,  to  which  genus 
liclongs  the  cosmopolitan  species  Botrydium  granulatum.  This  Alga  grows  on 
damp  clayey  soil,  where  it  forms  groups  of  green,  balloon-shaped  vesicles  about  two 
millimetres  in  breadth.  The  vesicles  are  attached  to  the  ground  by  prolongations 
from  the  base,  in  the  form  of  a  branching  system  of  filamentous  rhizoids  devoid  of 
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chromatopliores  (Fig.  247,  A).  The  cell  walls  of  the  vesicle  and  rhizoids  of  each 
individual  enclo.se  but  one  jnotoplast.  Multi]ilication  may  take  jtlace  vegetatively, 
by  budding,  resulting  in  the  outgrowth  of  a  new  vesicle  from  the  aerial  jjortion  of 
the  thallus.  After  enlarging  con.siderably  in  size  and  sending  down  rhizoids  into 
the  substratum,  the  young  jilantlet  isolates  itself  from  the  mother  vesicle  by  a 
new  cell  wall.  Asexual  reproduction  is  provided  for  by  the  formation  of  swarm- 
spores.  In  this  process  the  whole  plant  becomes  converted  into  a  single  sjwrangium 
by  the  division  of  its  protopla.sraie  contents  into  numerous  swann-sjiores,  which  make 
their  escape  through  an  opening  at  the  apex.  Each  swarm-si^re  has  two  to  four 
chromatophores,  but  only  a  single  cilium,  which  is  .situated  at  its  anterior,  colourless 


k  --I 


Fig.  247. — Jiotrydinm  (jranulatum.  A,T\\e.  Fig.  24S. — luhirin  sfssili*.  A,  B,  A  s))orangiiiiii  in 
whole  plant ;  B,  swann-spore  ;  C,  piano-  i>rocess  of  fonnation ;  C,  D,  E,  fonnation  of  a  swarm- 
gametes  ;  ft,  a  single  gamete;  h-c,  two  si)ore(x95);  swarm-spore  (x  25>;  portion  of 
gametes  in  process  of  fusion  ;  /,  zygote.  the  colourless  i»eriphcral  protoplasm  in  the  anterior 
{A  X  28  ;  B,  C  x  540.)  end  of  the  swarm-si»ore  (  x  1»50). 


end  (Fig.  247,  B).  The  formation  of  swarm-spores  occurs  only  when  the  thallus  is 
covered  with  water.  After  coming  to  rest  the  heliotactic  swanners  (p.  243)  invest 
themselves  with  a  cell  wall  and  give  rise  to  new  plantlets.  Sexual  reproduction 
may  also  occur.  For  this  iiuri)Ose,  in  summer  or  in  times  of  drought,  the  proto- 
l)lasm  of  the  vesicles  becomes  broken  up  into  a  number  of  rounded  or  angular  non- 
motile  spores  or  aplanogametes.  These  spores  may  remain  at  rest,  perhaj)s  for  a 
period  of  a  year  or  more,  until  suitplied  with  water,  when  numerous  small  sexual 
planogametes  (C,  a)  are  formed  from  their  contents.  These  planogametes  are  each 
provided  with  two  cilia  and  a  red  eye-spot,  and,  by  conjugating  in  |Kiirs,  give  rise 
to  zygotes  (6-/).  The  zygotes  rounil  them.selves  off  antl  germinate,  either  directly 
or  after  a  jieriod  of  rest.  The  jtlanogann  tes  are  also  heli«)tactic.  Through  the  for- 
mation of  the  gametes  within  the  resistant  resting-spores  the  latter  acquire  the 
character  of  gamet.mgia. 
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Tlie  tliallus  of  Vauchcria,  the  only  oogamoiis  genus  of  tlie  Siphoneae,  also  con- 
sists of  a  single  cell  attached  to  the  substratum  by  means  of  colourless  rhizoids  ; 
but  its  aerial  portion,  unlike  that  of  Botrydium,  is  branched  and  filamentous. 

The  sAvarm-spores  of  Vaucheria  are  developed  in  special  sporangia,  cut  off  from 
the  swollen  extremities  of  lateral  branches  by  means  of  transverse  walls  (Fig.  248, 
A-E).  The  whole  contents  of  such  a  sporangium  become  converted  into  a  single 
green  swarm-spore.  The  wall  of  the  sporangium  then  ruptures  at  the  apex,  and 
the  swarm-spore  rotating  on  its  longitudinal  axis  forces  its  way  through  the  open- 
ing. The  swarm-spore  (F)  is  so  large  as  to  be  visible  to  the  naked  eye,  and  contains 
numerous  nuclei  embedded  in  an  investing  layer  of  colourless  protoplasm.  It  is 
entirely  surrounded  with  a  fringe  of  cilia,  which  protrude  in  pairs,  one  pair  opposite 
each  nucleus  {G).  Morphologically  the  swarm-spores  of  Vaucheria  correspond  to 
the  collective  individual  spores  of  Botrydium.  The  sexual  reproduction  of  Vaucheria 
is  not  effected  like  that  of  the  other  Siphoneac,  by  the  conjugation  of  motile  gametes, 
from  which,  however,  as  the  earlier  form  of  reproduction,  it  may  be  considered  to 
have  been  derived.  The  oogonia  and 
antheridia  first  appear  as  small  protu- 
berances, which  grow  out  into  short 
lateral  branches  and  become  separated 
by  means  of  septa  from  the  rest  of  the 
thallus  (Fig.  249,  o,  a).     At  first, 

according  to  Oltmanns,  the  rudi-     ~T'~^c     °''  ~-v  ,  ^v--— -   ■       ' '^'T^-^oJ 
ments  of  an  oogonium  contain  numer- 
ous nuclei,  of  which  all  but  one,  the 
nucleus  of  the  future  egg-cell,  retreat      V       -  <.  '       1  .  '  °   ■  --  v'.  ''"  .  "''^ 
again  into  the  main  filament  before       ^  '       "  ■  " 

the  formation  of  the  separative  septum.  Fig.  2i9. -Vaucheria  sessilis.  ^ '  Portion  of  a  filament 
T  ,  T^-      +1,  •  with  an  oogonium,  o ;  antheridium,  a;  oh  chro- 

In  its  mature  condition  the  oogonium  ,    ,  '  , '      ,  .     ,  ,  ,  , 

°      .  matophores ;  n,  cell  nnclei ;  ol,  oil  globules, 

has  on  one  side  a  beak-like  projection  240.) 

containing  only  colourless  j)rotoplasm, 

Avhile  the  rest  of  the  oogonium  is  filled  with  numerous  chromatophores  and  oil 
globules.  The  apical  portion  of  the  projection  becomes  mucilaginous,  and  is  finally 
ruptured  by  the  extrusion  of  a  colourless  drop  of  protoplasm  from  the  egg -cell 
which,  in  the  meantime,  has  been  formed  by  ,the  contraction  of  the  contents  of 
the  oogonium.  The  antheridia,  Avhich  are  also  multinuclear,  are  more  or  less  coiled 
(«),  and  open  at  the  tip  to  set  free  their  slimy  contents,  which  breaks  up  into  a 
number  of  swarming  spermatozoids.  The  spermatozoids,  which  are  very  small 
and  entirely  devoid  of  chromatophores,  consist  chiefly  of  nuclear  substance.  They 
collect  around  the  receptive^- spot  of  the  egg -cell,  into  which  one  spermatozoid 
finally  penetrates.  After  the  egg -cell  has  been  fertilised  by  the  fusion  of  its 
nucleus  with  that  of  the  spermatozoid,  it  becomes  invested  Avith  a  AA-all  and  con- 
verted into  a  resting  oospore. 

The  marine  Siphoneae,  on  account  of  the  more  complicated  segmentation  of  their 
thallus,  afford  one  of  the  most  interesting  types  of  algal  development.  The  gemis 
Caulerpa,  represented  by  many  species  inhabiting  the  Avarmer  Avater  of  the  ocean, 
has  a  thick,  creeping  main  axis  or  stem.  Increasing  in  length  by  apical  groAvth, 
the  stem-like  portion  of  the  thallus  gives  off  from  its  under  surface  profusely 
branched  colourless  rhizoids,  AA^hile,  from  its  upper  side,  it  produces  green  thalloid 
segments  Avhich  vary  in  shape  in  the  different  species.  In  Caulerpa 'prolif era  (Fig. 
250)  these  outgroA\-ths  are  leaf-like,  are  frequently  proliferous,  and  have  only  a 
limited  groA\'th.    In  other  species  they  are  pinnately  lobed  or  branched.   The  Avhole 
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thallus,  however  branched  and  segmented  it  may  be,  encloses  but  one  cell-cavity, 
which  is,  however,  often  traversed  by  a  network  of  cross-supports  or  trabecule. 

The  thallus  of  Codium,  also  a  marine  form,  consists  at  first  of  a  single  cell,  but 
in  time  develops  lateral  outgrowths  which  become  thickly  intertwined  and  cut  oft* 
by  transverse  walls.  In  the  case  of  Codium  Bursa,  the  vegetative  body  thus 
formed  has  the  shape  of  a  hollow  sphere,  while  the  thallus  of  CW/wm /om^n^osum 
is  cylindrical  and  dichotoniously  branched.  The  genus  Bryopsis,  on  the  other  hand, 
has  a  delicate,  pinnately-branched  thallus.    Although  originally  unicellular,  the 


Fic.  250.  —  Cunhrpn  proUfern.     The  shaded  lines  on  the  Fio.  251. — Acftabuhuia  mtdi- 
thallus  leaves  indicate  the  currents  of  protDplasniic  move-  terninca.   (Nat.  size.) 

nient  ;  o,  growing  apex  of  the  thallus  axis  ;  h,  b,  youug 
thallus  lobes  ;  r,  rhizoids.    (A  nat.  size.) 


thallus  develops  lateral  tubular  branches  that  i-VL-iitually  become  septati-d  frum  it 
by  the  formation  of  transverse  walls. 

Other  marine  S'ij)ho/ieac  become  encrusted  witii  calcium  oxalate  and  calcium 
carbonate,  and  bear  a  resemblance  to  coral,  c.(j.  Halinieda  Opuntia,  which  resembles 
Opuntia  on  a  small  scale.  Acdahularia  mcditcrranca,  also  one  of  the  calcareou.s 
Sijyhoiieae,  has  a  stalked  umbrella-like  thallus  (Fig.  251)  attached  firmly  to  the 
substratum  by  means  of  rhizoids.  The  disc  consists  of  a  number  of  closely  crowded 
tubular  outgrowths  radiating  from  the  tip  of  the  stalks,  in  whicli  are  developed  the 
non-motile  spores,  the  so-called  aplanospores.  These  are  liberated  when  the  di.sc 
falls  to  i»ieces,  and  form  gametangia  (as  in  Boh'i/dium)  ;  and  in  the  latter  plano- 
gaiiu'tes  are  developed,  which  conjugate  in  pairs. 
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Phaeophyceae  (Brown  Algae) 

With  exception  of  a  very  few  fresh-water  species,  the  Phaeophyceae 
are  only  found  in  salt-water.  They  include  over  160  genera,  are  all 
fixed,  and  attain  their  highest  development  in  the  colder  waters  of 
the  ocean.  They  show  great  diversity  in  the  form  and  structure  of 
their  vegetative  body.  The  simplest  representatives  of  this  class  {e.g. 
the  genus  Edocarpus)  closely  resemble  the  Conferroideae,  in  having  a 
filamentous  thallus  consisting  of  a  branched  or  unbranched  row  of 
simple  cells.  Some  Fhaeophyceae^  again,  have  a  cylindrical,  copiously 
branched,  multicellular  thallus  {e.g.  Chdosfephus,  whose  main  axes  are 
thickly  beset  Avith  short  multicellular  branches,  Fig.  7,  p.  12);  while 
in  other  cases  the  multicellular  thallus 
is  band  -  shaped  and  dichotomously 
branched  {e.g.  Didyota,  Fig.  8,  p.  13). 
Growth  in  length  in  both  of  these  forms 
ensues  from  the  division  of  a  large 
apical  cell  (Fig.  7,  p.  12;  Fig.  160,  p. 
148).  Other  species,  again,  are  charac- 
terised by  disc-shaped  or  globose  thalli. 

The  Laminariaceae  and  Fucaceae  in- 
clude the  most  highly-developed  forms 
of  the  Phaeophyceae.  To  the  first  family 
belongs  the  genus  Laminaria  found 
in  the  oceans  of  northern  latitudes. 
The  large-stalked  thallus  of  the  Lami- 
narias  resembles  an  immense  leaf ;  it 
is  attached  to  the  substratum  by  means 
of  branched,  root-like  hold-fasts,  devel- 
oped from  the  base  of  the  stalk. 

In  the  case  of  the  Laminaria  digitata 
(Fig.  252),  and  similarly  in  other  species, 
a  zone  at  the  base  of  the  palmately 
divided  leaf-like  expansion  of  the  thallus 
retains  its  meristematic  character,  and 
by  its  intercalary  growth  produces  a 
succession  of  new  lamina?.  Each  older 
lamina  becomes  pushed  up  and  gradu- 
ally dies,  while  a  new  one  takes  its 
place  and  becomes  in  turn  palmately 

divided  by  longitudinal  slits.  The  large  size  of  tlieir  thalli  is  also 
characteristic  of  the  Laminarias  :  L.  saccharina  (Xorth  Sea),  for  instance, 
is  frequently  3  m.  long  and  the  stalk  more  than  1  cm.  thick. 


Fio.  2j'2.  —  Laminaria  digitata,  forma 
Cloustoni,  Xorth  Sea.  (Reduced  §. 
Officixal.) 
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The  greatest  dimensions  attained  by  any  of  the  Phaeophyceae  are 
exhibited  by  certain  of  the  Antarctic  Laminariaceae.  Of  these, 
Macrocf/sfis  pi/rifera  is  noted  for  its  gigantic  size ;  rising  obliquely 
upwards  to  the  surface  of  the  water  from  the  sloping  sides  of 
elevations  in  the  ocean  bed  ;  its  floating  thallus  has  a  length  of  200 
to  300  m.  With  the  exception  of  a  naked  lower  portion  this  bears 
numerous  long  pendent  lobes,  each  of  which  is  jirovided  at  the  base  with 
a  large  bladder-like  float  filled  with  air.  Even  more  remarkable,  on 
account  of  their  tree-like  character,  are  the  Antarctic  species  of  Lessonia^ 
in  which  the  main  axis  is  as  thick  as  a  man's  arm  ;  from  it  are  given 
off  lateral  branches  with  hanging  leaf-like  segments.  The  i)lant  attains 
a  height  of  several  metres,  and  has  a  tree-like  habit  of  growth. 

The  Fuaicetie,  although  relatively  large,  do  not  comjiare  with  the 
Lannnanareae  in  size.    As  examples  of  well-known  forms  of  this 

order  may  be  cited  Fucus  resiculn.^us 
(Fig.  253,  h),  which  has  a  band-shaped, 
dichotomously  branching  thallus  with 
air-bladders,  and  Fiirus  ])lafi/ri(rjms 
without  bladders.  Both  si)ecies  are 
fastened  to  the  substratum  by  discoid 
hold -fasts,  and  growing  sometimes 
over  1  metre  long,  are  found  cover- 
ing extended  areas  of  the  littoral 
region  of  the  sea-coast.  Snrga.^sum, 
a  related  genus  chiefly  inhal)iting 
tropical  oceans,  surpa.sses  the  other 
brown  sea-weeds  and  even  all  other 
Algae  in  the  segmentation  of  its 
thallus.  and  in  this  respect  it  bears 
a  close  resemblance  to  the  higher 
l»lants.  The  thallus  of  S(in/(is.<um 
„  ,         .  ,       ,  A  -  11  1.      shows  in  fact  a  distinction  into  slender 

Fig.  2o^.  — I     'IS  ri  siculogus.       Air-blaiMt'i- ; 

/.receptacles.  (Reiiiiced  J.)  branched  cylindrical  axes  with  lateral 

outgrowths,  which,  according  to  their 
function,  are  differentiated  as  foliage,  bracteal,  or  fertile  segments  or 
as  air-bladders.  Various  species  of  Surffussum  which  have  been  swept 
away  from  the  coast  b}-  currents,  finally  collect  in  large  floating  masses 
in  (juiet  regions  of  the  ocean  (Sargasso  Sea).  Sargassum  hacciferum  is 
carried  even  to  the  coast  of  Euro})e. 

The  cells  of  the  Phaeophyceae  have  usually  but  one  nucleus.  They 
are  supplied  with  a  larger  or  smaller  number  of  chromatoiihores, 
which,  in  addition  to  chloro})hyll,  contain  a  brown  pigment,  rnvco- 
PH/EIN,  which  imj)arts  to  the  Algae  a  yellowish -brown  or  dark 
brown  colour.  Many  Phantphymir  produce  and  store  up  a  fatt}'  sub- 
stance in  the  place  of  starch.  Among  the  more  highly-developed  forms 
the  thallus  exhibits  a  fairly  highly  difl'crentiated  anatomical  structure. 
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The  outer  cell  layers,  as  a  rule,  function  as  an  assimilatory  tissue, 
the  inner  cells  as  storage  reservoirs.  In  some  species  the  axial  cells 
of  the  thallus  are  arranged  in  definite  strands  with  sieve-tube  like 
elements  and  true  sieve-tubes. 

According  to  the  manner  of  their  sexual  and  asexual  reproduction, 
the  Fhaeoph?/rme  fall  naturally  into  three  orders. 

Order  1.  Phaeosporeae 

In  this  order  are  included  the  Laniinarias,  as  well  as  the  majority  of  the  other 
Phaeophyccae.  Asexual  multiplication  is  effected  by- means  of  swarm-spores,  which 
are  produced  in  large  numbers  in  simple,  so-called  unilocular  sporangia  ;  they  have 
a  red  eye-spot,  a  chromatophore,  and  two  laterally  inserted  cilia  (Fig.  254). 


Fig.  254.— Cladosteplnis  rerticillatiis.    J,  Closed  sporangium    Fio.  2bo.  —  Cladostephns  verticiUatiif<, 
( X  280) ;  B,  swarm-spores  escaping  from  a  sporangium        witli   gametangium    partly  dis- 
( X  280)  ;  C,  a  single  swarm-spore  (X  circa  2000),  with  red        charged.    (After  Pringsheim,  x 
eye-spot  op,  and  yellow  chromatophore  cTir.     (After  aOO.) 
Pringsheim.) 

Many  genera  exhibit  also  a  sexual  mode  of  reproduction  resulting  from  the 
conjugation  of  isomorphous  planogametes,  which,  except  that  they  fuse  in  pairs  in  the 
formation  of  zygotes,  otherwise  resemble  the  asexual 
swarm-spores  (Fig.  256).  Unlike  the  swarm-spores, 
however,  they  are  produced  in  many-chambered, 
TLURILOCULAR  gametangia,  in  each  cell  of  which 
seldom  more  than  one  gamete  is  formed  (Fig.  255). 

The  members  of  this  order  afford  an  illustration 
of  a  transition  from  isogamy  to  oogamy.  In  the 
small  family  of  Cutleriaceae,  to  which  belongs 
Zanardinia  collaris,  whose  thallus  is  disc-shaped 
and  attached  at  the  centre,  and  the  Cutlerias  with 
a  furcately-divided  thallus,  the  conjugating  gametes 
are  of  unequal  size.    The  female  macrogametes  are 

much  larger  than  the  male  microgametes,  and  have  their  origin,  one  in  each  cell, 
in  larger  and  fewer-celled  gametangia.    After  swarming,  the  female  gamete  loses 


a    a,      u  c 

Fig.  256. — Ectocarpus silicidosns.  o, 
Gametes ;  b,  c,  fusion  of  two 
gametes.    (After  Berthold.) 
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its  cilia,  and  rounding  itself  off,  becomes  converted  into  an  egg,  which,  after  its 
fertilisation  by  a  microgamete,  is  invested  with  a  wall  and  forms  a  resting  zygote. 


Order  2.  Fucaceae 


Asexual  reproduction  is  wanting  in  this  order,  while  sexual  reproduction  is 
distinctly  oogamous.  The  oogonia  and  antheridia,  as  in  Fucus  irs^iculo^us  and 
platycaiyus,  for  example,  are  formed  in  special  flask-shaped  depressions  termed 
coxcEPTACLEs,  whicli  are  crowded  together  l)elow  the  surface  in  the  swollen  tips  or 
RECEPTACLES  of  the  dichotomously  branched  thallus  (Fig.  253, /).   The  conceptacles 


of  F.  2i^ttti/carpus  (Fig.   257)  contain 


Fin.  257.  —  Funt^  j)kttiic(irpus.  Monoecious  con- 
ceptaclc  with  oogonia  of  different  ages  (o),  aiul 
clusters  of  antheriilia  («0  ;  ]>,  i^araphyses.  (After 
Thi-ret,  X  circa  25.) 


both  oogonia  and  antheridia,  while  F. 
irsicu/oms,  on  the  contrary,  is  di<eci- 
ous.  From  the  inner  wall  of  the  con- 
cei)tacles,  between  the  oogonia  and 
antheridia,  spring  numerous,  un- 
branched,  sterile  hairs  or  pakaphyse.s, 
of  which  some  protrude  in  tufts  from 
the  mouth  of  the  conceptacle  (Fig. 
257).  The  antheridia  are  oval  in 
shape,  and  are  formed  in  clusters 
on  special  short  and  much-branched 
filaments  (Figs.  257  a,  258  C).  The 
contents  of  each  antheridium  sepa- 
rate into  a  large  number  of  spemia- 
tozoids,  >vhich  are  discharged  in  a 
mass,  still  enclosed  within  the  inner 
layer  of  the  antheridium  (Fig.  258, 
B).  Eventually  set  free  from  this 
outer  covering,  the  spermatozoids  ap- 
pear as  somewhat  elongated,  ovate 
bodies,  having  two  lateral  cilia  of 
unequal  length  and  a  red  eye-spot  ((?). 


The  oogonia  (Fig. 


o)  are  nearly 


spherical,  and  are  borne  on  a  short 
stalk  consisting  of  a  single  cell.  Thej' 
are  of  a  yellowish-brown  colour,  and 
enclose  eight  spherical  egg-cells  which  are  formed  by  the  division  of  the  oogonium 
mother  cells.  The  eggs  are  enclosed  within  a  thin  membrane  when  ejected  from 
the  oogonium  (Fig.  258,  A).  This  membranous  envelope  deliquesces  at  one  end 
and,  turning  partly  inside  out,  sets  free  the  eggs.  The  spermatozoids  then  gather 
round  the  eggs  in  such  numbers  that  by  the  energy  of  their  movements  they  often 
set  them  in  rotation  {F,  H).  After  an  egg  has  been  fertilised  by  the  entrance  of 
one  of  the  spermatozoids  it  becomes  invested  with  a  cell  wall,  attaches  itself  to 
the  substratum,  and  gives  rise  by  division  to  a  new  plant.  In  the  case  of  other 
Fucaceae  which,  produce  four,  two,  or  even  only  one  egg  in  their  oogonia,  the  nucleus 
of  each  oogonium,  according  to  Oltmanns,  nevertheless  first  divides  into  eight 
daughter  nuclei,  of  which,  however,  only  the  proper  nuniber  give  rise  to  eggs 
capable  of  undergoing  fertilisation.  The  oogonia,  accordingly,  of  the  Atlantic 
IlimitnthaJia  lorea,  which  produces  only  one  egg,  just  as  those  of  other  species  in 
which  two  or  four  are  developed,  may  be  regarded  as  having  been  evolved  phylo- 
genetically  from  oogonia  in  which  eight  eggs  are  formed. 


Fig.  2bS.—A-F,  Fucvs  ■plat  year  pits :  A,  eight  egg-cells  extruded  from  the  oogonium,  still  surrounded 
by  the  inner  layer  of  the  cell  wall;  B,  contents  of  an  antheridium  surrounded  by  the  inner 
layer  of  the  cell  wall ;  C,  an  antheridium  fixed  in  alcohol  and  stained  with  luieniatoxyliu  ;  D, 
section  of  contents  of  an  oogonium  similarly  treated  and  stained  ;  E,  egg-cells  set  free  by  the 
rupture  of  the  inner  layer  of  the  oogonium  by  which  they  were  enveloped  when  first  extruded  ; 
F,  an  egg-cell  with  spermatozoids.  G,  H,  Fucus  vesiculosus :  G,  spermatozoids  fixed  by  a 
solution  of  iodine  ;  H,  an  egg-cell  with  spermatozoids.    (C  and  G  x  540  ;  other  figs,  x  240.) 
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Order  3.  Dictyotaceae 

Iu  this  order  there  are  only  a  few  forms  {e.g.  Dictyota  dichotoma.  Fig.  8,  ^.13). 
The  asexual  spores,  of  which  only  two  or  four  are  formed  in  a  sporangium,  are  non- 
motile.  The  sexual  organs  are  differentiated  into  oogonia  and  antheridia.  Each 
oogonium  contains  a  single  egg-cell,  which  it  eventually  ejects,  and  the  antheridia 
liroduce  numerous  si'EUMATI.\  or  non-motile  male  cells  without  cilia.  The  process 
of  fertilisation  has  not  as  y3t  been  observed.  In  the  form  of  their  sjores  and 
sperniatia  the  Dictyotaceae  resemble  the  Ithodoiihyccac,  from  which,  however,  tht-y 
are  distinguished  by  the  absence  of  a  trichogyne  and  by  their  characteristic  fruit- 
formation. 

Economic  Uses. — The  dried  stalks  of  the  officinal  Lamiuaria  digitata,  forma 
Cloustuni  (riiiuni.  germ,),  are  used  as  dilating  agents  in  surgery.  Iodine  is  ob- 
tained from  the  ash  (varec,  kelp)  of  various  Laniinariaccae  and  Fucuceae,  and 
formerly  soda.  Many  Laminarias  are  rich  in  mannite  {c.y.  Larninaria  saccJiarina), 
and  are  used  in  its  production,  and  also  as  an  article  of  food  by  the  Chinese  and 
Japanese.  Species  of  Alaria  are  used  as  an  article  of  food  in  the  Polar  regions. 
The  larger  Phacophyccac  are  utilised  also  as  manure. 

Class  VIII 
Rhodophyceae  (Red  Algae) 

The  lihodophi/ceae  or  Florideae,  of  which  aljout  280  genera  are 
known,  constitute,  like  the  Fhaeopht/ceae,  an  independent  group  of 
Thallophytes,  for  whose  phylogenetic  derivation  from  the  lower  Algae 
there  is,  as  yet,  no  positive  evidence.  They  are  attached  to  some  support, 
and  almost  exclusively  marine,  and  specially  characterise  the  lowest  algal 
region  on  the  coasts  of  all  oceans,  especiallv  in  temperate  and  tropical 

latitudes.  A  few  genera  {e.g. 
JJatrachospcrmuniy  Lenianeo,  Hilde- 
braiulfia)  grow  in  fresh- water 
streams. 

The  thallus  of  the  red  Alg;ie 
e.xhibits  a  great  variety  of  forms. 
As  in  the  brown  Algae,  there 
are  no  single- celled  fomis  like 
those  characteristic  of  the  Sipho- 
neae.  The  sim})lest  forms  are  re- 
presented by  branched  tilaments 
consisting  of  single  rows  of  cells 
{f  .tf.Ctillifhaimiifii).  In  other  cases 
the  branched  filamentous  thallus 
appears  multicellular  in  cross- 
sections.  In  many  other  forms  the 
thallus  i"s  flattened  and  ril»bon-like  {cij.  Chomlnis  rn.s//M.s  Fig.  2')^  ; 


Fn;.  •239.—Chon(lrits  criVj-io-.       Oval  cystucarps. 
(A  iiat.  sizf.  dtnc/.v.iL.) 
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Fig.  260. — Gioartimi  mammillosa.    s,  Wart-shapetl 
cystocarps.       uat.  size.  Officixal.) 


Gkiortina  mammUlosa,  Fig.  260)  ;  while  in  still  other  species  it  consists 
of  expanded  cell  surfaces  attached  to  a  substratum. 

The  forms  with  more  advanced  segmentation  resemble  the  vascular 
plants  external!}',  and  exhibit  a 
differentiation  into  a  cylindrical 
axis  and  flattened  leaf  dike  thalloid 
branches  which,  as  in  Ddesseria 
{Hf/drolapathum)  sanguinea,  may 
even  be  provided  with  middle  and 
lateral  ribs  (Fig.  9,  p.  13).  All 
the  Florideae  are  attached  at  the 
base  by  means  of  rhizoidal  fila- 
ments or  discoid  hold-fasts.  In 
the  more  delicate  species  the  cell 
walls  are  thin  ;  while  in  the  firmer 
and  more  compact  forms  they  are 
mucilaginoiislv  thickened.  The 
thalli  of  the  CoralUnact'ce,  which 
have  the  form  of  branched  fila- 
ments or  of  flattened  or  tiibercu- 
late  incrustations,  are  especialh' 
characterised,  on  the  other  hand, 
by  their  coral  -  like  appearance, 
owing  to  the  large  amount  of  calcium  carbonate  deposited  in  their  cell 
walls.  The  calcareous  Florideae  are  chiefly  found  on  coasts  exposed  to 
a  strong  surf,  especially  in  the  tropics. 

The  Bhalophifceae  are  usually  red  or  violet  :  sometimes,  however, 
they  have  a  dark  purple  or  reddish-brown  colour.  Their  chromatophores, 
which  are  flat,  discoid,  oval,  or  irregidar-shaped  bodies  and  closely 
crowded  together  in  large  numbers  in  the  cells,  contain  a  red 
pigment,  phycoerythrin,  which  completely  masks  the  chlorophyll. 
True  starch  is  never  formed  as  a  product  of  assimilation,  its  place 
being  taken  b}-  other  substances,  very  frequently,  for  example,  by 
Floridean  starch.    The  cells  may  contain  one  or  several  nuclei. 

Reproduction  is  eftected  either  asexually  by  means  of  spores,  or 
sexuall}'  by  the  fertilisation  of  female  organs  by  male  cells. 

The  asexual  spores  are  non-motile  ;  they  have  no  cilia  and  are  simply  naked, 
spherical  cells.  They  are  produced,  usually,  in  groups  of  four,  by  the  division  of  a 
mother  cell  or  siwrangium,  from  which  they  are  in  time  set  free  by  the  transverse 
rupture  of  its  walls.  The  sporangia  themselves  are  nearly  spherical  or  oval  bodies 
seated  on  the  thalloid  filaments  or  embedded  in  the  thallus.  In  consequence  of 
theii-  usual  formation  in  fours,  the  spores  of  the  Florideae  are  termed  tetraspokes 
(Fig.  261).  They  are  analogous  to  the  swarm -spores  of  other  Algae;  similar 
spores  are  found  also  in  the  Dictyotaceae  among  the  brown  Algae. 

In  the  development  of  the  sexual  organs,  particularly  the  female,  the  Elioclo- 
pJujceae  differ  widely  from  the  other  Algae.  Batrachosptrmum  moailifoniu',  a 
fresh-water  form,  may  serve  as  an  example  to  illustrate  the  mode  of  their  formation. 
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This  Alga  possesses  a  brownish  thallus,  enveloped  in  mucilage,  and  consisting  of 
verticillately  branched  filaments.     The  sexual  organs  appear  in  the  autumn  and 

form  on  the  branching  whorls  glomeruli 
ur  sjiherical  bodies  comjiosed  of  short,  radi- 
ating branches. 

The  antheridia,  also  known  as  sperma- 
tangia  (Fig.  26'2,  A),  are  produced,  usually 
in  i»airs,  at  the  ends  of  the  radiating 
branches  of  a  glomerulus.  Each  antheri- 
dium  consists  of  a  single  thin -walled  cell, 
in  which  the  whole  of  the  protoplasm,  a- 
is  the  rule  in  all  Jl/iudophyccac,  is  con- 
sumed in  tlie  formation  of  one  uninuclear 
.srEKM.\TiUM.  Tlie  spermatia  are  nearly 
spherical,  and  immediately  after  their  dis- 
iliarge  from  the  antheridia  {A,  v,  s)  art 
naked,  but  afterwards  become  invested  will, 
a  thin  outer  membrane  or  cell  wall.  Tluy 
contain  a  single  nucleus,  and  are  non 
motile,  like  the  ciliated  spermatozoids  <pi 
the  other  Algae,  and  have  therefore  n - 
ceived  a  distinctive  name.  In  consequence  of  their  incapacity  for  independent 
movement,  they  must  be  carried  passively  by  the  water  to  the  female  organ.s,  wliich 
are  situated  near  the  antheridia  at  the  ends  of  other  branches.     The  female  organ 


Fic.  2G1. — Callithainnioncoryiiiho.-inia.  -1, Closed 
.sixirangiuin  ;  Ji,  empty  sporangiuiii  with 
lour  extruded  tetraspores.  (After  Thcket.  ) 


¥ui.  i&2. — Biitmchospermnni  moniliforiiw.  A,  Male  bnmch  with  aiithoridia,  isnlat<'«I  hy  i>re)«>jre  ; 
,s*,  a  speriuatiuin  ;  s,  a  spennatiuiu  escaping  from  an  antheridium  ;  c,  an  empty  antheriiliuin. 
/{,  female  braneh  with  an  unfertilised  carpononium ;  c,  ba.«ail  i>orti(iu  ;  t,  trirh<>>:yne  of  far)"'- 
;,'()iiium.  (',  female  hranrh  with  fertilised  cariKj^onium  ;  the  s]H-rinatium  after  the  fiiMnii 
of  its  contents  with  the  trichoKyne  ;  c,  fertile  tilanients  develoj)in>:  fi  iin  tli  '  )  I  'l!  ii 
of  the  carpogoniuni.    (  x  540.) 


is  called  a  cAiU'oooMUM  (Fig.  262,  />),  and  consists  of  an  elongated  cell  witli  a  ba.sal, 
flask-siiaped  jMU  tion  (c)  jtrolonged  into  a  tilnment,  termed  the  riucnonvxE  (0-  The 
basal  pttrtion  contains  the  egg,  wliicli  is  pn>\  ided  with  a  large  nucleus  and  cliro- 
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luatophores,  while  the  trichogyne  functions  as  a  receptive  organ  for  the  spermatia,. 
one  or  two  of  which  fuse  with  it,  and  the  contents,  escaping  through  the  spermatium 
wall,  pass  into  the  carpogonium.  The  sperm  nucleus  probably  in  this  case,  just 
as  has  been  demonstrated  by  AVille  for  Nemalion,  jmsses  down  the  trichogyne  and 
fuses  with  the  nucleus  of  the  egg-cell.  The  fertilised  egg  does  not  become  converted 
directly  into  an  oospore,  but,  as  a  result  of  fertilisation,  numerous  branching  fila- 
ments termed  gonimoblasts  grow  out  from  the  sides  of  the  ventral  portion  of  the 
carpogonium.  At  the  same  time,  by  the  development  of  outgrowths  from  cells  at 
the  base  of  the  carpogonium  an  envelope  is  formed  about  the  fertile  gonimoblasts. 
The  whole  product  of  fertilisation,  including  the  surrounding  envelope,  con- 
stitutes the  fructification,  and  is  termed  a  oystocarp.  The  profusely-branched 
gonimoblasts  become  swollen  at  the  tips  and  give  rise  to  spherical,  uninuclear  spores 
known  as  carpospores,  which  are  eventually  set  free  from  the  envelope.  In  the 
case  of  Batrachospermum  the  carpospores  produce  a  filamentous  protonema,  the 
terminal  cells  of  which  give  rise  to  asexual  unicellular  s^jores.  These  spores  serve 
only  for  the  multiplication  of  the  protonema.  Ultimately,  however,  one  of  the 
lateral  branches  of  the  protonema  develops  into  the  sexually  differentiated  fila- 
mentous thallus.  The  production  of  spores  by  the  protonema  is  analogous  to  the 
formation  of  tetraspores  by  other  Florideac. 

The  formation  of  the  cystocarps  and  carpospores  is  much  more  complicated 
in  the  case  of  other  genera,  but  they  originate  in  a  similar  manner  from  carpogonia 
provided  with  trichogynes. 

Choreocolax  alhus,  a  North  Sea  Floridean  species,  described  by  Kuckuck,  is  of 
special  interest.  It  grows  as  a  parasite  on  another  red  seaweed,  Rhodomela  suh- 
fusca,  on  which  it  appears  in  the  form  of  a  small  white  cushion-like  growth.  As 
a  result  of  its  parasitic  mode  of  life  the  formation  of  chromatophores  has  been 
entirely  suppressed,  and  thus  in  Choreocolax  albus  a  true  fungus-form  is  represented. 

Economic  Uses. — Gigartina  mammillosa  (Fig.  260),  with  cone-like  cystocarps 
2-5  mm.  in  length,  and  Chondrus  crispus,  with  oval  cystocarps  about  2  mm.  long, 
sunk  in  the  thallus  tetraspores.  Both  forms  occur  in  the  North  Sea  as  purplish-red 
or  purplish-brown  Algae  ;  when  dried  they  have  a  light-yellow  colour,  and  furnish 
the  official  Carragheen,  "  Irish  Moss,"  used  in  the  preparation  of  jelly.  Agar-Agar, 
which  is  used  for  a  similar  purpose,  is  obtained  from  various  Florideac;  Gracilaria 
lichenoides  supplies  the  Agar  of  Ceylon  (also  called  Fucus  amylaceus),  EucheuDia 
spinosum  the  Agar  of  Java  and  Madagascar.  Muscus  helminthochortui^,  consist- 
ing of  a  mixture  of  different  marine  Algae,  was  formerly  used  as  a  specific  for  worms 
and  goitre.  Coralliiut  officinalis,  a  calcareous  species  of  Florideac,  was  at  one 
time  officinal. 


Class  IX 
Characeae  (Stoneworts) 

The  Characeae  form  a  sharply-defined  group  of  Thallophytes, 
[distinctly  characterised  by  the  complicated  structure  of  their  sexual 
)rgans.  They  may  originally  have  been  derived  from  the  Confervoideae  ; 
)ut  the  process  of  their  evolution  is  uncertain,  as  all  intermediate  forms 
ire  lacking,  while  they  show  in  their  structural  development  a  higher 
stage  of  organisation  than  any  of  the  existing  green 
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Characeae,  which  inchide  six  genera  and  about  IGO  species,  grow  in 
fresh  or  brackish  water,  attached  to  the  bottom  and  covering  extended 
areas  with  a  mass  of  vegetation.  In  some  species  their  cylindrical  main 
axes  are  over  a  foot  in  length,  and  are  composed  of  long  internodes 
alternating  with  short  nodes,  from  which  short,  cylindrical  branches 

are  given  off  in  regular  whorls  with  a 
similar  structure  but  of  limited  growth 
(Fig.  26:i).  The  lateral  axes  are  either 
unbranched  or  give  rise  at  their  nodes  to 
verticillate  outgrowths  of  a  second  order. 
From  the  axil  of  one  of  the  side  branches 
of  each  whorl  a  lateral  axis  resembling  the 
main  axis  is  produced.  The  attachment 
to  the  substratum  is  effected  by  means 
of  branching  rhizoid  outgrowths  from  the 
nodes  at  the  base  of  the  axes. 

Both  the  main  and  lateral  axes  grow 
in  length  by  means  of  an  a{)ical  cell,  from 
which  other  cells  are  successively  cut  off  by 
the  formation  of  transverse  walls.  K\ch 
of  these  cells  is  again  divided  by  a  traii.s- 
verse  wall  into  two  cells,  from  the  lower  of 
which  a  long,  internodal  cell  develops  with- 
out further  division  ;  while  the  upper,  by 
continued  division,  gives  rise  to  a  disc  of 
nodal  cells,  the  lateral  axes,  and  also,  in 
the  lower  portion  of  the  main  axis,  to  tlie 
rhizoids.  In  the  genus  Xifella  the  long 
internodes  remain  naked,  but  in  the  genus 
Cliara  they  become  enveloj)ed  with  a  cor- 
tical layer  consisting  of  longitudinal  rows 
of  cells  which  develop  at  the  nodes  from 
the  l)asal  cells  of  the  lateral  axes. 

As  a  result  of  the  fragmentation  of  it- 
original  inicleu!?,  each  internodal  cell  is 
provided  with  a  iiuinl)er  of  nuclei  which  lie  embtidded  in  an  inner  and 
actively  moving  layer  of  parietal  protoplasm.  Nunu'rous  oval  chloro- 
plasts  devoid  of  pyrenoids  are  found  in  the  internodal  cells,  disposed 
in  longitudinal  rows  immediately  beneath  the  cell  walls. 

Asexual  rei)roduction  by  means  of  swarm-sj)ores  or  other  spores 
unrepresented  in  the  C/utracenc.  Sexual  reproduction,  on  the  otln : 
hand,  is  provided  for  by  the  production  of  egg-cells  and  s])ermatozoi(l>. 
The  female  organs  are  egg-sliapeil.  They  are  visible  to  the  naked  ey« . 
and,  like  the  spherical  red-coloured  antheridia,  are  inserted  on  the  no<li- 
of  the  lateral  axes.  With  the  exception  of  a  few  dicecious  species,  the 
Characeue  are  monoecious. 


Fig.  26S.—Cham/mijilis.    Eml  of 
main  shoot.    (Xat.  size.) 
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Chara  fragilis,  a  very  common  species,  may  be  taken  as  a  type  of  the  Cltaraccac. 
In  this  instance  the  sexual  organs  are  produced  in  pairs  on  the  nodes  of  the  short 
branches,  the  antheridium  is  directed  downwards,  and  the  oogonium  upwards  (Fig. 
264,  B).  The  antheridium  has  a  complicated  structure,  and  in  this  respect  exhibits 
a  liigher  stage  of  development  than  the  similarly  named  organs  of  the  Mosses  and 
Vascular  Cryptogams,  The  antheridium  is  attached  to  the  node  of  the  fertile  branch 
by  a  stalk-cell  {A,  p)  and  a  basal  nodal  cell  {na).  The  antheridium  has  the  form  of  a 
hollow  sphere,  the  Avail  of  which  consists  of  eight  flat  cells  termed  shields.  The 


Fig.  264:.— Omra  fragilis.  A,  Medican  longitudinal  section  through  a  lateral  axis  r,  and  the  sexual 
organs  which  it  bears  (x  90);  a,  antheridium  borne  on  the  basal  nodal  cell  na,  by  the  stalk- 
cell  p ;  m,  manubrium  ;  ob,  an  oogonium  ;  no,  nodal  cell  ;  po,  the  stalk-cell ;  v,  pivotal  cell  ; 
c,  the  crown.  B,  a  lateral  axis  bearing  axes  of  the  third  order  ( x  6) ;  a,  antheridium  ; 
0,  oogonium. 


four  uppermost  sliields  are  triangular  ;  the  loAver  four,  in  consequence  of  their 
insertion  on  the  stalk-cell,  are  trapeziform  in  shape.  It  is  to  the  presence  of  red 
chromatophores  in  the  shields  that  the  red  colour  of  the  antheridia  is  due.  In 
cross-section  (Fig.  264,  A,  a)  the  walls  of  the  antheridia  seem  to  be  composed  of 
many  cells  in  consequence  of  the  apparent  segmentation  of  the  shields  by  the 
radial  infolding  of  their  walls.  From  the  middle  of  the  inner  Avail  of  each  shield  a 
cylindrical  cell  called  the  manubrium  (ni)  projects  iuAvards  toAvards  the  centre  of  the 
antheridium.  Eacli  manubrium  terminates  in  a  knob-like  cell  or  capitulum,  from 
which  a  large  number  of  long  simple  filaments  composed  of  sliort  cells  groAv  out 
into  the  cavity  of  the  antheridium.  The  spermatozoids  are  produced  in  the  cells  of 
these  filaments  ;  in  each  cell  only  one,  but  collectively  comprising  an  enormous 
number  (as  many  as  40,000  in  one  antheridium).    The  spermatozoids  make  their 


340 


BOTANY 


PART  II 


escape  from  the  mother  cells  and  are  set  free  iu  the  water  by  the  separation  of  the 
shields.  Tliey  liave  the  appearance  of  si»irally-coiled  corkscrew-like  threads,  and 
bear  two  cilia  at  their  anterior  extremity  (Fig.  70,  A,  p.  67).  In  the  form  of  their 
spermatozoids  the'  C/taraccae  differ  from  the  Algae  and  bear  a  closer  resemblance 
to  the  Bnjophyta  and  Pterkhyphyta.  The  female  organ,  or  oogonium,  has  a  brownish 
colour,  is  oval  in  shai)e,  and  somewhat  larger  than  the  antheridia.  It  is  attached 
to  the  same  cell  {na)  as  the  antheridium  by  means  of  a  stalk -cell  (Fig.  264,  A,  p). 
Between  the  egg -cell  and  the  stalk -cell  are  interjtosed  a  nodal  cell  (no)  and 
the  so-called  "  "Wendungszelle  "  (r).  The  large  egg-cell,  which  is  full  of  starch  and 
oil  globules,  is  completely  enclosed  by  an  envelope  formed  of  five  spirally-winding 
tubes  which  spring  from  the  nodal  cell.  The  enveloiung  tubes  terminate  iu  a 
crown  (c-)  composed  of  five  cells  cut  off  from  them  by  transverse  walls.  At  the  time 
of  fertilisation  the  enveloping  tubes  separate  a  little  from  each  other  at  the  neck 
of  the  oogonium  just  below  the  crown-cell  ;  through  the  fissures  thus  made,  the 
sjjermatozoids  enter  the  egg-cell.  The  egg,  after  fertilisation,  now  converted  into 
an  oospore,  becomes  invested  with  a  thick,  colourless  wall.  The  inner  walls  of  the 
tubes  become  thickened  and  encrusted  with  a  deposit  of  calcium  carbonate, 
while  the  external  walls  of  the  tubes  soon  become  disintegrated  ;  the  brown  inner 
walls  of  the  tubes,  strengthened  by  their  layer  of  calcium,  continue  as  a  protective 
covering  after  the  oospore  has  fallen  from  the  parent  plant. 

"With  few  modifications,  the  structure  of  the  sexual  organs  is  the  same  in  the 
other  Characeac. 

The  oospore,  on  germination,  gives  rise  first  to  a  simple,  filamentous  row  of  cell 
the  proembryo.    From  the  first  node  of  the  proembryo  rhizoids  are  produced, 
while  at  the  second  node  there  arise,  together  with  a  few  simple  lateral  axes,  one 
or  more  main  axes,  which  finally  develop  into  a  full-grown  plant. 

The  formation  of  tuber-like  bodies  (bulbils,  starch-stars)  on  the  lower  part  of  the 
axes  is  characteristic  of  some  species  of  the  Characeac.    These  tubers,  which  are 
densely  filled  with  starch  and  serve  as  hibernating  organs  of  vegetative  reproduc- 
tion, are  either  modified  nodes  with  much  shortened  branch  whorls  {e.<i.  in  Tol 
])cllo2ms  stc/li(jera,  when  they  are  star-shaped),  or  correspondingly  modified  rhlzoi'. 
[c.fj.  the  bulbils  of  Cha)-a  aspcra). 

Cham  rrinifn  affords  the  only  example  of  pahthexogenksis  (p.  68) 
known  in  the  vegetable  kingdom  ;  its  egg-cells,  without  previous  fusion 
with  spermatozoids,  are  converted  into  spores  capable  of  further  dt 
velopment.    In  the  Flora  of  Northern  Europe  female  plants  only  an 
found. 

Class  X 

Hyphomycetes  (Fungi) 

The  lliiiihoiiDjcdes  or  J-Jitnn/ccf's  were  formerly  classified  collective!} 
with  the  Myxomycetes  and  Srhizoiiiyceiea  as  Fungi.  They  are,  howevei 
quite  distinct  from  each  of  these  classes,  and  should  probabl\ 
be  viewed  phylogenetically  as  representing  sa])rophytic  or  parasiti' 
forms  of  the  I'hh/n'jtlii/mw,  in  which  a  complete  absence  of  chlorophyll 
and  chromatoi)hores  has  resulted  from  their  manner  of  life.  Tlicir 
cells  are  provided  with  distinct  but.  in  most  cases,  very  thin  wulb 
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(p.  80),  and  contain  numerous  small  nuclei  dispersed  throughout  their 
colourless  protoplasm  (Fig.  61,  p.  60).  In  the  cell  contents  are  fre- 
quently found  flat  globules  and  also  glycogen,  but  never  true  starch. 
Of  all  the  Hyphomycetes  the  group  of  the  Phycomycetes — the  Water  or 
Algal  Fungi — although  occupying  the  lowest  position,  exhibit  the 
most  evident  connection  with  the  Cliloroioliyceae.  Their  resemblance 
to  the  Siphoneae,  in  particular,  is  especially  pronounced,  as  their  fila- 
mentous, vegetative  thallus  consists  of  a  single,  simple,  or  profusely 
branched  multinuclear  cell  (e.g.  Miicor,  Fig.  269,  p.  347).  The  thallus 
of  the  higher  Hyphomycetes  is  similarly  formed  of  much-branched  fila- 
ments, but  the  filaments  are  septate,  and  so  consist  not  of  one 
cell  but  of  a  row  of  cells.  The  filaments,  whether  septate  or 
unseptate,  composing  the  thallus  of  the  Fungi  are  termed  hyph.^:  ; 
the  whole  vegetative  portion  of  the  thallus  formed  by  them,-  the 
MYCELIUM.  The  hyphse  of  a  mycelium  are,  as  a  rule,  either 
isolated  or  only  loosely  interwoven ;  they  spread  through  the 
substratum  in  all  directions  in  their  search  for  organic  nourish- 
ment. In  many  of  the  higher  Fungi,  however,  the  profusely  and 
irregularly  branching  hyphse  become  so  inseparably  knotted  and 
interwoven,  that  they  seem  to  form  compact  masses  of  tissue.  Where 
the  filaments  in  such  cases  are  in  intimate  contact  and  divided  into 
short  cells,  an  apparently  parenchymatous  tissue  or  pseudo-paren- 
CHYMA  is  produced.  Such  compact  masses  of  hyphal  tissue  are 
formed  by  some  species  of  Fungi  when  their  mycelia,  in  passing 
into  a  vegetative  resting  stage,  become  converted  into  Sclerotia, 
tuberous  or  strand-like,  firm,  pseudo-parenchymatous  bodies,  which  ger- 
minate under  certain  conditions  (Figs.  97,  98,  p.  87).  In  the  fruc- 
tifications of  the  higher  Fungi  the  hyphse  are  also  nearly  always 
aggregated  into  a  more  or  less  compact  tissue  (Figs.  95,  96,  p.  87).  The 
walls  of  adjacent  cells  or  filaments  of  the  mycelium  are  frequently 
absorbed  at  their  points  of  contact,  and  an  open  communication  is 
thus  established  between  them. 

Sexual  reproduction  is  positively  known  to  occur  only  in  the 
Phycomycetes  or  Algal  Fungi.  In  this  respect  they  approach  on  the 
one  hand  the  Gonjugatae,  on  the  other  the  oogamous  Confervoiclecie  and 
Siphoneae,  and  have,  accordingly,  been  divided  into  the  two  groups  of 
the  Zygomycetes  and  Oomycetes.  In  both  groups  a  complete  reduction 
of  all  sexual  differentiation  is  sometimes  manifested,  while,  in  the 
higher  Fungi,  the  existence  either  of  sexual  organs  or  sexual  repro- 
duction has  not  been  certainly  proved ;  whereas  in  the  green,  inde- 
pendently assimilating  Algae  exactly  the  reverse  is  true,  and  sexual 
differentiation  not  only  becomes  more  evident  but  the  sexual  organs 
more  complicated  the  more  advanced  the  development. 

The  formation  of  asexual  spores  is,  on  the  contrary,  of  general 
occurrence,  and  is  eff*ected  in  a  great  variety  of  ways.  The  produc- 
tion in  sporangia  of  large  numbers  of  ciliate  swarm-spores  is  only 
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found  to  take  place  in  the  Phj'comycetous  group  Oomycetes,  which  are 
classed  on  this  account  nearest  the  Chloropht/reae.  In  the  Zi/goinycetes,  the 
second  group  of  the  Phycoiitycetes,  and  in  all  the  higher  Fungi,  the  asexual 
spores  are  non-motile,  and  invested  with  a  cell  wall.  This  ditt'erence 
is  explained  by  the  mode  of  life.  Swarm-spores  are  produced  only  by 
such  rJiyro/iiyrrfes  3iS  live  either  constantly  or  occasionally  in  water  ;  non- 
motile  walled  spore.s,  on  the  other  hand,  are  adapted  to  dissemination 
by  wind,  and  are  accordingly  peculiar  to  the  terrestrial  Fungi. 

The  manner  in  which  such  asexual  spores  are  formed  shows  great 
\'ariation,  and  serves  as  the  principal  means  of  characterising  tin- 
difterent  groups  of  the  higher  Fungi.  Two  entirely  distinct  modes  (tt 
spore-formation  may  be  recognised. 

1.  The  formation  of  ENDOSPuiiKs  wnnix  spokancia  by  the  divi 
sion  of  the  contents  of  the  sporangia  and  the  production  of  numerous 
spores  by  subsequent  contraction  (Fig.  270,  p.  348).  The  sporangia 
are  situated,  as  a  rule,  at  the  extremities  of  special  mycelial  branches 
termed  spoiiANGiorHOKE.s. 

2.  The  formation  of  CONIDIA  (exospores)  by  the  abstriction  of 
spore  cells  from  the  ends  of  elongated  hyphie,  which  are  for  the  most 
part  converted  into  special  coNiDiorHOPP:s  (Fig.  276,  p.  353).  Both 
modes  of  spore-formation  occur  in  their  most  primitive  form  in  the  Zyv"- 
mycetes,  in  some  cases  both  methods  are  represented  in  the  same  genera. 
Transitions  between  both  modes  of  spore-formation  are  also  observed 
in  certain  Zygoinyceies,  and  it  would  appear  probable  that  a  conidium 
is  a  more  recently  developed  form  of  sporangium,  and  equivalent  to 
a  sporangium  with  one  spore.  In  classifying  the  higher  Fungi  which, 
unlike  the  riiycomyccfcs,  have  lost  all  indications  of  sexuality,  they 
may  be  best  treated  as'  derived  from  the  Zygomycetes  and  divided 
into  two  different  series. 

In  the  FIRST  SERIES  are  included  the  lower  and  smaller  group  of 
the  Hemiasci  and  the  higher,  more  variously  modified  group  of  the 
Ascomycetes.  This  series,  like  the  sporangia -bearing  Zygomyrefe.^,  has 
retained  as  its  principal  asexual  fructification  the  sporangium,  but 
elongated  and  modified  into  an  Ascrs-  or  tubular  spore-case.  Spores, 
usually  eight  in  number  and  arranged  in  a  row,  are  produced  within 
the  asci  by  free  cell-formation  (Fig.  273,  p.  351). 

The  SECOND  SERIES,  comprising '  the  Heinibdsidii  and  the  more 
highly  developed  BasidiomyceteSy  has  been  derived  from  the  conidii- 
ferous  Zygomycetes.  The  groups  in  this  series  have  retained  the 
conidial  fructifications,  and  develoi)ed  them  still  further  as  r.AsiDiA, 
or  conidio})hores  specialised  in  form  and  size  and  in  the  numl)or  of 
their  spore.s.  There  are  various  forms  of  basidia,  the  most  usual 
being  that  of  the  IMushrooms  and  Toadstools,  where  four  sjiores  are 
cut  off  from  the  ends  of  a  club-shaped  support  on  four  slender  stalks 
or  STERIGMATA  (Fig.  290,  p.  3C)8). 

In  both  the  first  and  second  series,  in  addition  to  the  principal 
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fructifications  in  the  form  of  asci  or  basidia,  there  occur  also  acces- 
sory FRUCTIFICATIONS  in  which  conidia  of  various  forms  are  produced. 
Both  series  also  exhibit  an  increasing  complication  in  the  arrange- 
ment of  their  respective  asci  or  basidia.  While  in  the  simpler 
groups  the  asci  or  basidia  arise  free  on  the  hypha?,  in  the  more  highly 
developed  ^4s''omm'ehs  and  Busidiomf/cefes  more  or  less  complicated 
fructifications  are  produced,  ascus  fructifications  in  the  former,  basidia 
fructifications  in  the  latter.  In  both  of  these  last  two  groups  fructi- 
fications, externally  very  similar  and  of  a  tuberous  or  toadstool-like 
shape,  are  often  formed.  The  asci  and  also  the  basidia  are  disposed 
in  a  definite  layer  or  hymenium,  which  is  in  part  composed  of  sterile, 
club-shaped  cells  termed  paraphyses  (Fig.  290,  p.  36 S).  The 
hymenial  layer  covers  the  walls  of  the  external  cavities  of  the  fructi- 
fication or  is  exposed  on  its  siu-face  at  definite  points. 

In  addition  to  the  sporangia  and  conidia  there  occurs  also  a 
third  form  of  spore -formation,  the  so-called  chla^'DOSPORES  (en- 
cased spores).  These  spores  may  be  produced  by  the  FJufconif/ctftS  as 
well  as  by  the  higher  Fungi.  The  chlamydospores  are  usim'Uy  formed 
in  rows  on  h^-phje  :  they  are  regarded  as  rudiments  of  sporangia 
or  of  couidiophores  which,  interrupted  in  their  development,  have 
assumed  the  form  of  spores,  and  like  them  serve  the  purpose  of 
asexual  reproduction  (Fig.  '272.  p.  3o0).  On  germination  they  usually 
develop  into  either  sporangia  or  couidiophores.  The  HuphomiKdi^ 
may  be  classified  according  to  the  following  system  of  Brefeld, 
established  in  conformity  with  the  preceding  principles. 

A.  Algol  Fungi,  PJu/comi/cefes,  with  unicellular  mycelium  and  sexual 

reproduction. 

Sub-Class  1.  Oomycetes.  SulvClass  2.  Zygomycetes. 

AVitli  oogauia  and  antheridia  :  Zygos[X)res  formed  :  asexual 

asexual  reproduction  usually  by  reproduction  by  means  of  spor- 

means  of  swanu-sixires.  angia  or  conidia. 

B.  Higher  Fungij  hypha^  septate  and  without  sexuality. 

Series  1.  Sporangia-bearing        Series  2.  Conidia-bearing 
Fungi.  Fungi. 

With  sporangia,  in  addition  to  conidia.  "With  eonidia  :  no  sporangia. 

Sub-Class  3.  Hemiasci.  Sub-Class  5.  Hemibasidii. 

Spomngia  i^esembling  asci.  Couidiophores  resembling  basidia. 

Sub-Class  4.  Asconujcetes.  Sub-Class  6.  Basidiomycetes. 

Sporangia  develoi>ed  as  true  Couidiophores  developed  as 

asoi.  ti'ue  basidia. 

The  Hemiasci  a>.iiA  Hemibasidii  were  classified  as  J/ >/lv//-^  by  Brefeld  :  the 
A$t:omycet€S  and  Basidiomt/cdcs  as  Mycomycetes. 
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Sub-Class  I.  Oomycetes 

To  the  Oomi/crff'S  belong  a  large  number  of  genera  which  live  either 
in  water  upon  decaying  organisms,  or  on  land,  parasitic  on  higher 
plants.  In  the  formation  of  their  sexual  organs,  oogonia,  and  an- 
theridia,  as  well  as  of  asexual  swarm -spores,  they  often  show  a 
striking  resemblance  to  certain  of  the  green  filamentous  Algae. 
Within  this  group,  however,  a  reduction  of  all  sexual  differentiation, 
even  to  its  complete  disap})earance,  ma}'  be  observed. 

'■■  1.  Tlie  Monohhpharklinear  m.iy  be  placed  first  in  a  series  illustrating  «j:radual 
reduction, —the  only  family  of  all  tlie  II)fphom>/c>'t^'s  which  still  pnxluce  well- 
developed  spennatozoids  in  antheridia.  They  comprise  hut  two  genera,  with 
altogetlier  only  three  species,  and  liave  a  unicellular,  l>ranched  mycelium,  which 


0 


Fio.  '2(>5. — Monoblepharis  sphnerica.  End  of  tilaiuent  with  teniiinal  oof^jiiiuin  (o)  and  an  antheridiuni 
(a)  :  1,  before  the  fonnation  of  the  egg-cells  and  .«ii>t'nnatozoids ;  2,  spennatozoids  (.<)  csi-aping 
and  approaching  the  opening  of  the  oogouinni ;  3,  'j#p,  ripe  oosjKjre,  and  an  empty  antheri- 
dium.    (After  Cornt,  x  SOO.) 

lives  in  water  upon  decaying  organic  matter.  Asexual  reproduction  is  effected  by 
means  of  iiniciliate  swarm-spores,  formed  in  large  numbers  in  terminal  sporangia. 
The  sexual  organs  have  the  form  of  terminal  oogonia  and  antlieridia  lK)rne  at  the 
tips  of  certain  hyph;e  ;  the  former  contain  one  egg-cell,  and  the  latter  numerous 
uniciliate  spennatozoids  (Fig.  265).  The  s|K?rmatozoids  make  their  escape  through 
an  opening  in  the  antheridiuni  and  fertilise  tlie  egg-cell,  winch  then  becomes  trans- 
formed into  a  sjiinous  oospore.  In  the  formation  of  their  sexual  organs  there  is  an 
evident  resemblance  between  the  Monohlrpha rut i naic  and  the  algal  genus  Ocijitgoniuui. 

2.  In  the  family  of  the  Perotiosporeae  a  reduction  of  sexuality  is  observable 
in  the  antheridiuni,  in  that  its  protoplasm,  although  multinuclear,  does  not 
divide  into  sjiermatozoids.  All  the  numerous  species  of  the  famih-  are  jxirasites. 
Tlieir  profusely  branched  unicellular  mycelium  penetrates  the  tissues  of  the 
higlier  plants,  and  is  frequently  the  cause  of  death.  In  damp  climates, 
certain  species  occasion  epidemic  diseases  in  cultivated  plants,  and  are  highly 
destructive.     Thus,  the  mycelium  of  Phiitophthora  in/csfans,  the  fungus  which 
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causes  the  Potato  disease,  lives  in  the  intercellular  spaces  of  the  leaves  and  tubers 
of  the  Potato  plant,  and  by  penetrating  the  cells  with  its  short  haustoria  it  leads  to 
the  discoloration  and  death  of  the  foliage  and  tubers.  Sexual  reproductive  organs 
have  not  as  yet  been  observed  in  this  species.  Asexual,  oval  sporangia  are  formed 
on  long  branching  sporangiophores 
which  grow  out  of  the  stomata,  par- 
ticularly from  those  on  the  under  side 
of  the  leaves  (Fig.  266),  and  appear 
to  the  naked  eye  as  a  white  mould. 
The  sporangia,  at  first  terminal,  are 
cut  off  by  transverse  walls  from  the 
ends  of  the  branches  of  the  sporangio- 
phore,  by  the  subsequent  growth  of 
which  they  become  pushed  to  one 
side,  and  so  appear  to  be  inserted 
laterally.  Before  any  division  of 
their  contents  has  taken  place,  the 
sporangia  {B)  fall  off  and  are  dissemi- 
nated by  the  wind ;  in  this  way  the 
epidemic  becomes  widespread.  The 
development  of  swarm-spores  in  spor- 
angia is  efi"ected  only  in  water,  and 
is  consequently  possible  only  in  wet 
weather.  In  this  process  the  con- 
tents of  the  sporangium  divide  into 
several  biciliate  swarm-spores  (C,  D). 
Each  of  these  spores  after  escaping 
from  the  sporangium  gives  rise  to  a 
mycelium,  which  penetrates  the 
tissues  of  a  leaf.  The  sporangium 
may  also  germinate  directly  without 
undergoing  division  and  forming 
swarm-spores  :  it  then  has  the  value 
of  a  single  spore  cut  off  from  a  sporo- 
phore,  and  in  that  case  may  be  re- 
garded as  a  conidium.  A  similar 
transformation  of  sporangia  into 
conidia  is  found  in  other  of  the 
Peronosporeae  as  a  result  of  their 
transition  from  an  aquatic  to  a  ter- 
restrial mode  of  life. 

Plasmopara  viticola,  an  extremely  destructive  parasite,  also 
ously  branched  sporangiophores  and  occasions  the  "  False  Mildew 
and  fruit  of  the  Grape-vine.  Cystojnts  candidus,  another  very  common  species, 
occurs  on  Crudferae,  in  particular  on  Capsella  bursa  pastoris,  causing  white 
swellings  on  the  stems.  In  this  species  the  sporangia  are  formed  in  long  chains  on 
the  branches  of  the  mycelium  under  the  epidermis  of  the  host-plant,  and  produce 
numerous  swann-spores. 

The  sexual  organs  of  the  Peronosporeae  show,  in  the  manner  of  their  formation, 
a  close  resemblance  to  those  of  the  genus  Vauclieria  (p.  327).  They  arise  within  the 
host-plant— the  oogonia  are  either  cut  off  by  transverse  walls  as  spherical  swellings 


Fig.  266. —J,  Surface  view  of  the  epidermis  of  a 
potato  leaf,  with  sporangiophores  of  Phytophthora 
infestans  projecting  from  the  stomata  (x  00)  ;  B, 
a  ripe  sporangium  ;  C,  another  in  process  of 
division  ;  D,  a  swarm-spore.    (B-D  x  540.) 
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Fig.  267. — Pythium  gracile.  A,  Before,  II 
C,  after  fertilisation ;  o,  oofjoniuin  ;  n, 
idiiiiii.    (After  1)e  Bary,  x  SOO.) 


tlurii)^', 
anther- 


from  the  ends  of  the  hyplije,  or  sometimes  iutercalated  throughout  their  length  ; 
the  antheridia  are  developed  as  .sejitate  tubular  outgrowths  just  below  the 
oogonia.  The  contents  of  the  oogonium  become  differentiated  into  one  large 
central  oosphere,  which  is  sejiarated  by  a  thin  membrane  from  the  peripheral 
periplasm.    In  the  process  of  fertilisation  the  antheridium  sends  out  a  tube  which 

l»enetrates  the  oogonium  until  it  reaches 
the  uosj>here.  The  tube  then  opens 
at  the  apex  and  the  contents  of  the 
antheridium  pass  into  the  oosphere 
(Fig.  267).  After  the  fertilisation  of 
the  oosjihere  lia.s  been  effected,  the 
surrounding  periplasm  becomes  trans- 
formed into  an  outer  spore-wall  or  epi- 
sporium.  The  oosjkore  then  gives  rise 
either  directly  to  a  germ-tube  (promy- 
celiimi)  or  first  develojis  swarm-s|K3res. 
In  the  case  of  Pcronospora  parasitica,  commonly  found  on  members  of  the 
Ci'uciferac,  the  behaviour  of  the  nuclei  has  been  more  closely  investigated.  The 
young  oogonium  contains  numerous  nuclei,  but  although  their  number  is  increased 
(circa  112)  by  re])eated  division,  only  one  nucleus  is  enclosed  in  the  oosphere,  the 
rest  remaining  in  the  periplasm.  The  antheridium  is  also  provided  with  several 
(6-12)  nuclei,  of  which  only  one  pa.sses  into  the  egg-cell  and  fuses  with  its  nucleus. 

3.  The  Saprolcymcac,  the  third  family  of  the  Oomi/cctcs,  have  also  a  jtrofusely 
branched  unicellular  mycelium,  but,  unlike  the  Pcnmosporenc,  they  live  in  water, 
upon  the  surface  of  decaying  plants,  insects,  and 
even  upon  living  fishes.  For  the  jmrpose  of  asexual 
reproduction  they  develop  terminal  club-shaped 
sporangia,  which  produce  numerous  biciliate  swarm- 
spores,  as  in  the  genus  Cladophora  (p.  324).  In  the 
production  of  sexual  organs,  terminal  cells  of  the 
mycelial  hypha?  are  converted,  as  in  the  Pcrono- 
sporcac,  into  sjiherical  oogonia,  which  give  rise  to  a 
larger  (as  many  as  50)or  smaller  numberof  egg-cells,  and 
less  frequently  only  to  one  (Fig.  268).  The  antheridia 
of  the  Saprohynicac  are  also  tubular,  and  spring 
from  the  hyplije,  usually  just  below  the  oogonia. 
Applying  themselves  to  the  oogonia,  they  send  out 
fertilising -tubes  to  the  egg -cells  (Fig.  268),  which 
then  become  converted  into  thick -walled  oospores. 
In  some  Saprvleynieac  no  antheridia  are  formed,  antl  in 
others  they  only  appear  occasionally  ;  in  such  cases, 
therefore,  all  sexual  dillerentiation  has  been  entirely 
lost. 

-1.  In  the  Ooniijcctcs  are  also  included  the  ChiftritticaCf  small  jKirasiiic  Fungi 
whose  unicellular  mycelium  is  only  feebly  developed,  and  in  some  genera  is 
reduced  to  a  simple  saccate  cell,  completely  filling  the  host-cell.  Sexual  repro- 
ducrtion  has  been  observed  only  in  a  few  forms  ;  they  usually  nndtiply  by  means  of 
asexual  swarm-spores  formed  in  sporangia. 

5.  The  Entomophthoreoc,  finally,  take  an  inlerm»'diate  position  between  the 
Ooiiiycctcs  and  Zyyonnjcefes.  They  liv»',  as  parasites,  in  the  botlies  of  insects  and 
caterpillars,  etc.,  and  ultimately  cause  their  death.    The  best-known  species  is 


U  hi  1/(1  jt^Jyiintlni.  fi, 
An  antheri'liJim  with  two 
fertilising  tubes  (?<)  pon«  tral- 
inptheooj;oniuui(o)to  thi-  two 
egjr-eells.  (After  Pr  Barv, 
X  3:j0.) 
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Empum  Mus:a€,  which  makes  its  appearance  in  the  autumn  on  the  common  house 
fly.  The  mycelial  filaments  of  this  Fungus  break  out  of  the  abdomen  of  the 
infected  fly,  and  give  rise  at  their  extremities  to  asexual  conidia,  which  are  finally 
discharged  ;  they  surround  the  fly  with  a  white  halo  and  spread  the  infection  still 
further.  Sexual  spores  are  not  known  to  be  formed  by  Empiisa,  but  are  found  in 
other  allied  genera.  Both  oogonia  and  antheridia  have  a  similar  structure,  and 
consist  merely  of  simple  tubes  which  swell  at  the  ends  and  form  resting-spores  by 
conjugation. 

Sub-Class  2.  Zygomycetes 

The  Zygomycetes  comprise  a  number  of  the  most  common  Mould 
Fungi.  They  are  saprophytic,  and  are  found  chiefly  on  decaying 
vegetable  and  animal  substances.  The  mycelium  is  unicellular  in  this 
group  also,  and  consists  of  profusely-branched  filaments.  Swarm-spores 
are  never  produced,  asexual  rejjroduction  being  effected  by  non-motile 
walled  spores,  which  either  have  the  form  of  conidia  or  arise  endogen- 
ously  in  sporangia.  Sexual  reproduction  consists  in  the  formation  of 
zygospores,  as  a  result  of  the  conjugation  of  two  isomorphous  gametes, 
as  in  the  Conjugatae  among  the  Algae. 

The  best  known  and  most  widely  distributed  species  is  Mucor  Mucedo,  frequently 
found  forming  white  fur-like  growths  of  mould  on  damp  bread,  preserved  fruits, 


Fig.  269. — Mucor  Mucedo.    A  onicellular  mycelium  with  tliree  sporangiophores,  a,  h,  c,  in  different 
stages  of  development.    (Slightly  magnified,  after  K>rY  S  wall  diagram.) 

dung,  etc.  The  finely-branched  mycelium  ramifying  in  the  substratum  produces 
a  number  of  erect  unbranched  sporangiophores  (Fig.  269).  From  the  apex  of  each 
sporangiophore  a  single  spherical  sporangium  is  cut  off  by  a  transverse  wall, 
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which  protrudes  into  the  cavity  of  the  sporangium  and  forms  a  columella  (Fig, 
270,  1,  c).  The  contents  of  the  sporangium  separate  into  numerous  oval  spores 
embedded  in  a  mass  of  gelatinous  matter  capable  of  great  expansion.  The  wall  of 
the  sporangium  is  easily  ruptured,  and  the  spores  are  discharged  by  the  swelling 
of  the  interstitial  mass,  leaving  the  columella  entirely  exi)osed  (Fig.  270,  1,  5,  2). 

Under  certain  conditions,  instead  of  asexual  sporangia,  organs  of  sexual  repro- 
duction are  produced.  The  hyphoe  of  the  mycelium  then  give  rise  to  lateral,  club- 
shaped  gametophores.  When  the  tips  of  two  gametophorcs  come  into  contact,  a 
conjugating  cell  or  gamete  is  cut  off  from  eacli  by  a  transverse  wall  (Fig.  271,  1,  2,  3). 
The  two  cells  thereupon  coalesce,  and  fuse  into  a  zygospouk,  the  outer  wall  of 
wliicli  is  covered  witli  warty  jirotuljerances  (4).    After  a  jteriod  of  rest  the  zygospore 


Fio.  '270. — 1-4,  Minor  Muredn.  1,  A  sporanj^'iuin  in  optical  loiijjitiuliiial  section;  c,  columella;  m, 
wall  of  sporangium  ;  sp,  spores  ;  2,  a  ruptured  sporan},'ium  with  only  the  columella  (r)and  a  small 
portion  of  the  wall  (?«)  remaining ;  3,  two  smaller  sporanpia,  with  only  a  few  spores  ami  no 
columella  ;  4,  germinalini;  spore  ;  5,  rupture«l  siK)ranginm  of  Mucor  viucihiginnis  with  deli- 
quescing wall  and  swollen  interstitial  substance  (r) ;  >/),  spores.  (Aft«r  Brefelp,  1x225, 
2-5  X  300.) 

develops  a  gcrni-tube,  whicli  may  at  once  bear  a  sporangium  [Jt).  Thv  conjugating 
hyphai  take  their  rise  in  exactly  the  same  way  as  sporangiophores,  of  which  they 
may  accordingly  be  regarded  as  sexually  differentiated  rudiments. 

Within  the  group  of  the  Zijijoiniicctcft  also,  a  reduction  of  sexuality  is  jierceptible. 
Thus,  in  the  case  of  certain  Mucorincac,  althougli  the  conjugating  hypha'  meet  in 
pairs,  no  fusion  takes  place,  and  tlieir  terminal  cells  become  converted  directly 
into  spores,  which  are  termed  azygospoiies.  In  other  forms  again,  liyphje 
producing  azygospores  are  developed,  but  remain  solitary,  and  do  not,  as  in  the 
preceding  case,  come  into  contact  witli  similar  liyplia*. 

Both  tlie  size  and  number  of  spores  produced  in  the  sporangia  of  Miiot 
Miiccdo  are  subject  to  variation  (<;/".  Fig.  270,  1,  3).  Tlie  sporangia  of  the  genera 
ThaiiinUlium  are,  on  the  other  hand,  regularly  dimorphous,  and  a  large  sporangium 
containing  many  spores  is  formed  at  the  end  of  the  main  axis  of  tlie  sporangiophore, 
while  numerous  small  sporangia,  having  but  few  spores,  are  jtrodueed  by  ita 
verticillately  brancliiiig  lateral  axes.    The  sporangia  may  at  times  develop  only 
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a  single  spore,  as  the  result  of  certain  conditions  of  food-supply,  and  in  this  way 
assume  the  character  of  conidia.  This  dimorphism  is  even  more  complete  in  the 
tropical  genus  Choanephora,  found  on 
the  flowers  of  Hibiscus.  In  this  case, 
in  addition  to  large  sporangia,  conidia 
are  produced  on  special  conidiophores. 
There  are,  finally,  Zygomycetes  {e.g. 
Chaetoclculium)  whose  only  asexual 
spores  are  conidia.  In  this  one  group 
of  the  Hi/phonujcetes,  therefore,  all 
transitional  forms,  from  many-spored 
sporangia  to  unicellular  conidia,  are 
represented. 

The  genus  Filobolus,  frequently 
found  on  dung,  possesses  a  special 
contrivance  for  the  dissemination  of 
its  spores,  which  are  formed,  like  those 
of  JIucor,  in  large  terminal  sporangia. 
The  stalk  of  the  sporangiophore,  imme- 
diately below  the  sporangium,  becomes 
swollen  and  pear-shaped :  in  conse- 
quence of  the  increased  turgor  result- 
ing from  the  absorption  of  water,  the 
columella  finally  bursts,  and  the  liquid 
which  is  thus  set  fi-ee  tears  loose  the 
sporangium  and  discharges  it,  with 
great  force,  to  a  considerable  distance. 
The  sporangiophores  of  Filobolus,  and 
also  those  of  other  Mucorineae,  are  dis- 
tinctly positively  heliotropic  (p.  252). 
For  physiological  experiments  Phijco- 
liujces  nitcns  is  also  largely  used.  Its 
sporangiophores  are  constructed  simi- 
larly to  those  oiMucorMuceclo,  but  attain 
a  very  much  greater  length  (10-30  cm.). 

Sub-Class  3.  Hemiasci 


Fa;.  -'l.—Mucor  Mucedo.  Dift'erent  stage.s  in 
the  formation  and  germination  of  the  zygo- 
spore. 1,  Two  conjugating  branches  in  con- 
tact ;  2,  septation  of  the  conjugating  cells  («) 
from  the  suspensors  (b) ;  3,  more  advanced  stage 
in  the  development  of  the  conjugating  cells  (a) ; 

4,  ripe  zygospore  (6)  between  the  suspensors  (a) ; 

5,  germinating  zygospore  with  a  germ -tube 
bearing  a  sporangium.  (After  Brefeld,  1-4  x 
225,  5  X  circa  00.) 


This  group  includes  only  a  few  small  Fungi  with  a  septate  mycelium, 
which,  as  in  all  the  higher  Fungi,  develops  no  sexual  organs.  Asexual 
reproduction  is  effected  by  means  of  ascus-like  sporangia,  which,  although 
they  show  a  certain  resemblance  to  the  asci  of  the  AscomT/cefes,  do  not 
produce  a  fixed  number  of  spores  of  definite  form  and  size. 

Protomyces  pachydcriiius,  parasitic  upon  Cichoraceae,  maybe  cited  as  a  typical 
Fungus  of  this  class.  In  addition  to  sporangia  it  produces  accessory  fructifications 
in  the  form  of  conidia  and  clilamydospores  (p.  343).  The  last  named  are  formed 
from  the  mycelium  ramifying  in  the  tissue  of  the  host-plant,  by  the  spherical 
enlargement  of  chains  of  liyphal  cells  whose  walls  become  thickened  (Fig.  272, 
1).  The  germ -tubes  arising  from  the  germinating  chlamydospores  become 
converted  directly  into  saccate  sporangia  (2,  3)  by  the  division  of  their  proto- 
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lasm  into  imnieroii.s  small  spores,  which  are  eventually  discharged  (4).  Brought 

into  a  nutrient  solution,  the  spores  ger- 
minate directly  and  produce,  without 
jireviously  forming  a  mycelium,  oval 
conidia  which  by  a  continuous  pro- 
cess of  budding  give  rise  to  new  con- 
idia (5).  Such  a  metluxi  of  multi- 
jilication  of  conidia  by  budding  is 
termed  yeast  iuddixg,  and  the 
conidia  are  termed  yeast  conidia. 
The  yeast-like  conidia  thus  arising  by 
the  budding  of  the  conidia  of  Proto- 
iiiyccs  continue  tliis  mode  of  repro- 
duction until  brought  in  contact  with 
the  host-plant,  when  they  give  rise  to 
a  mycelium  i>enetriting  its  tissue. 

Many  of  the  hight-r  Fungi,  in  addi- 
tion to  their  regular,  asexual  fructi- 
fications, produce  similar  yeast  -  like 
conidia  when  the  conditions  for  their 
nutrition  are  favourable.    Such  yeast- 


1 '  roto  myces  jxich  ydt  rm  u 


filament       with  clilainyclospores  (*7)  ; 


Mycelial 
'J,  3,  ger- 
minating clilamydospoics  Ijcaring  sporangia  ; 

4,  the  extruded  spores;  5,  spores  (^O  germinated  Hke  conidia  are  in  fact  often  found  in 
in  a  nutrient  solution  and  abstricting  yeast-   ^^^^^^^  ^^^^^^  growing  in  any  sugary 

medium.  As  regards  many  of  them 
it  is  imi»ossible  to  say  definitely  from 

what  liiglicr  Fungus-form  tliey  have  been  derived. 


like  conidia  (b)  by  budding.  (After  Bbekeld, 
1  X  l-JO,  2,  3  X  '200,  4,  5  X  320.) 


Such  yeast  conidia  are  represented  by  the  beer,  alcohol,  and  wine 
yeast,  and  are  inckided  in  the  genus  SaccJiaronn/ces.  Tiiese  Fungi  are  espe- 
cially remarkable  on  account  of  their  power  of  exciting  alcoholic  fer- 
mentation in  saccharine  solutions,  S.  cererisiac  is  the  beer  yeast  used 
in  l)rewing,  and  is  known  only  in  its  cultivated  form.  N.  fllijKomleus, 
which  causes  the  fermentation  of  grape-juice  in  the  manufacture  of 
wine,  occurs  regularly,  on  the  other  hand,  in  the  soil  of  vineyards  ; 
it  is  therefore  always  present  on  the  grapes  and  need  not  be  added 
to  the  grape-juice,  S.  iitf/roffenmi  forms  a  whitish-gray  scum  (jleiir  tie 
vin)  on  the  surface  of  wine  and  beer,  which  causes  tlieir  decomposi- 
tion. 

The  conidia  of  the  Yeast  Fungi  are  oval  in  slia|n'  and  contain  a  nucleus. 
They  increase  in  numl)er  l)y  a  continuous  process  of  budding  (Fig.  2,  p.  11).  When 
the  substratum  has  become  exhausted  by  re])eated  building,  the  yeast  cells  are 
converted  into  sporangia  which,  while  externally  resembling  conidia,  give  rise 
to  a  number  of  spores.  As  the  size  and  number  ofthe.se  spores  are  not  always  the 
.same,  the  Sacchnnnnijcvtes  are  classilu-d  with  the  Ifemiasci. 

According  to  the  recent  investigations  of  Juki;ensen,  the  yeast  cells  cau.sing  the 
fermentation  of  grape-juice  are  produced  by  the  branched  filaments  of  Mould  Fungi 
which  vegetate  on  the  surfai-e  of  the  grajtes  .uid  \'nru\  imnu  r'nis  c.iiiili  i  '/>,  ,,uit'niii\ 
and  Chalara  .stages). 
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Sub-Class  4.  Aseomyeetes 


The  Aacormjcetes  form  a  very  large  class  of  Fungi,  chiefly  parasitic, 
and  with  a  septate  mycelium.  Probably  without  any  sexual  mode  of 
reproduction,  they  produce  spores  asexually 
in  special  sporangia  which  have  the  form 
of  asci  or  tubular  spore-cases  (Fig.  273), 
and  give  rise  to  a  definite  number  of  endo- 
genous spores  (usually  eight  in  a  row). 

Many  Ascoinijcetes  are  decidedly  poly- 
morphous, and  the  same  Fungus  in  the 
course  of  its  development  frequently  forms 
both  conidia  and  chlamydospores  as  acces- 
-sory  fructifications.  In  many  cases  only 
the  accessory  fructifications  represented 
by  the  conidia  or  chlamydospores  are 
known,  and  not  the  corresponding  ascus 
fruit.  Such  Fungi  are  in  the  meantime 
classified  in  systematic  works  as  "Fungi 
imperfect!."  Concerning  the  physiological 
cause  of  the  polymorphism  of  the  Aseo- 
myeetes^ and  of  the  successive  production 
of  asci,  conidia,  and  chlamydospores,  in 
the  different  stages  of  their  development, 
but  little  as  yet  has  been  determined. 

In  the  simplest  forms  of  Aseomyeetes^ 
the  Exoasci,  the  asci  are  free  and  spring 

directly  from  the  mycelium  ;  but  in  the  case  of  the  Carpoasci,  which 
constitute  the  great  majority  of  the  Aseomyeetes,  the  asci  are  produced 
in  special  fructifications  of  varying  form  which  consist  of  sterile  and 
fertile  or  ascogenous  hyphas.  According  to  the  structure  of  their 
fructifications,  the  Carpoasci  are  divided  into  three  orders. 

1.  Perisporiaeeae. — The  fertile  ascogenous  hyphse  are  enclosed  by 
a  compact  envelope  of  interwoven,  sterile  filaments.  The  ascospores 
become  free  only  on  the  disintegration  or  rupture  of  this  envelope, 
the  PERITHECIUM  (Fig.  275). 

2.  Pyr enemy cetes. — The  sterile  filaments  from  a  flask-shaped  peri- 
thecium,  within  which  is  produced  the  hymenium,  a  basal  layer  of 
erect  asci  and  paraphyses.  The  spores  are  discharged  at  maturity, 
through  an  opening  at  the  apex  of  the  perithecium  (Fig.  278). 

3.  Diseomycetes. — The  sterile  filaments  form  at  maturity  an  open, 
cup-shaped  receptacle  or  apothecium  with  the  hymenium  on  its 
upper,  concave  surface  (Fig.  228) ;  or  the  hymenium  is  borne  on  the 
outer  surface  of  fleshy,  somewhat  mushroom-shaped  fructifications 
(Fig.  283). 


Fig.  273.— Portion  of  the  hymeniuiii 
of  Morchella  esadcnta.  a,  Asci  ; 
p,  paraphyses ;  sh,  subhymenial 
tissue.    (x  240.) 
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Order  1.  Exoasci 

Of  tliis  order,  which  constitutes  the  simplest  group  o(  Ascouujcctcs,  iu  which  uo 
specially  distinctive  fructifications  are  formed,  the  most  im^jortant  genus  is  Ecu- 
ascus.    The  various  species  o(  Exouscus  are  parasitic  on  different  trees,  and  as  their 

mycelia  hibernate  in  the  tissue  of  the  host- 
l>lants,  they  cause  a  constant  recurrence  of  the 
same  disease.  The  presence  of  the  mycelium 
ill  the  tissues  of  the  infected  i>art  causes  the 
abnormally  profuse  development  of  branches 
known  as  Witches'-bkooms.  Exoascus  Carpini 
produces  the  abnormal  growths  occurring  on 
the  Hornbeam  ;  Exoascus  c^nphijUus,  those  of 
Alans  incaiia.  Exoascus  dcfonnans  attacks  the 
leaves  of  the  Peach  and  causes  them  to  curl. 
Exoascus  Priini  is  i)arasitic  in  the  young  ovaries 
of  many  species  of  Prunus,  and  produces  the 
malformation  of  the  fruit  known  as  **  Bladder 
Plums,"  containing  a  cavity,  the  so-called 
"  lioeket,"  in  the  place  of  the  stone.  In  the 
formation  of  asci,  individual  cells  of  the  copi- 
ously-branched mycelium  ramifying  between  the 
epidermis  and  cuticle  of  the  infected  j>art  be- 
come greatly  swollen.  These  grow  into  club- 
shaped  tubes,  wliicli  burst  through  the  cuticle 
and,  after  cutting  off  a  basal  stalk-cell,  are 
usually  converted  into  asci  with  eight  spores 
(Fig.  274).  The  numerous  asci  are  closelj- 
crowded  together,  and  united  into  a  hymenial 
layer.  In  conse<|uence  of  their  increased  turgor, 
resulting  from  an  excessive  absorption  of  water,  the  ascus-tubes  become  ruptured 
at  their  free  extremities  and  eject  the  spores. 

The  spores  frequently  germinate  while  still  enclosed  within  the  asci  (Fig.  '27A, 
«3,  «4),  and  give  rise  by  budding  to  yeast-like  conidia,  e.y.  Exoascus  Pruui. 

The  related  genus  Taphrina  is  parasitic  on  leaves,  but  its  mycelium  is  not 
perennial.  Leaves  infected  with  this  Fungus  assume  a  spotted,  diseased  appearance. 

Order  2.  Perisporiaceae 

This  order,  which  includes  only  Asconnjcetcs  with  enclosed  fructifications,  com- 
prises three  families  :  the  Eri/siphcuv  or  Mildi-w  Fungi,  the  Pcrisporicac,  and  the 
Tuberaccac,  Truffle  Fungi. 

1.  The  Erysiphcac  form  a  family  of  distinctive  ejiiphytic  i)arasites  whose 
mycelium,  somewhat  resembling  a  cobweb,  and  ramifying  in  all  directions  over  the 
surface,  iiarticularly  the  leaves,  of  higlier  plants,  sends  out  haust»tria  which  i»ene- 
trate  the  epidermis  of  the  host.  The  ripe  ascus  fructifications  (Perithecia)  are 
black  when  mature  and  visible  to  the  naked  eye.  In  the  simplest  forms  {cy.  in 
the  genus  Sphac  roth  ecu)  the  sjilieroid  perithecium  encloses  only  a  single  ascus 
with  eight  spores.  The  ascus  arises  directly  from  the  end  of  a  fertile,  ascogenous 
hyjdiul  branch  after  the  scptation  of  a  stalk-cell.  It  is  enveloped  by  a  covering  of 
stcrih'  liypli;i'  }troduced  l>y  the  mycelium  at  its  base  and  forming  a  sheathing 


Fio.  274.— £.>o«scwa-  I'runi.  Transverse 
section  through  the  epidermis  of  an 
infected  plum.  Four  ripe  asci,  f  j,  (i-> 
with  eight  spores,  ('3,  witli  yeast- 
like  conidia  abstricted  from  the 
spores ;  st,  stalk-cells  of  the  asci ; 
VI,  filaments  of  the  mycelium  cut 
transversely  ;  cut,  cuticle ;  ep,  epi- 
dermis.   (After  Sadebeck,  x  600.) 
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layer,  two  to  three  cells  deep,  of  pseudo-parenchyma.  The  genus  Erysiphe,  on  the 
other  hand,  develops  in  each  perithecium  several  asci  which  arise  in  branches  from 

the  ascogenous  hyphse.    The  perithecia 
p  are  irregularly  ruptured  at  their  apices 

t^v^^^^i^        and  the  spores  are  thus  set  free.  Before 
r-r^yV^p     entering  upon  the  formation  of  perithecia, 
'  the  ^lildew  Fungi  multiply  by  means  of 

conidia  abstricted  in  chains  from  special, 
erect  hy[)hie,  from  the  tip  downwards. 
The  Mildew  Fungus  of  the  Grape-vine, 
En/sipJic  Tucker i,  exhibits  only  such  con- 
idial  fructifications  ;  its  ascus  -  fruit  has 
not  as  yet  been  found  in  Europe.  In  its 
conidial  form,  known  as  Oidium  Tuckeri, 
it  is  a  highly  destructive  parasite  ;  to  stop 
its  ravages  it  is  customary  to  dust  the 
vines  with  sulphur  and  copper  sulphate  or 
to  sprinkle  them  with  Bordeaux  mixture 
(a  solution  of  lime  and  copper  sulphate). 


Fig.  275. — Eurotium  herbarioruni  (=  E.  Asjjtr- 
gillus  glaucus).  A,  Radimeut  of  the  ascas- 
fruit ;  /,  coiled,  fertile  hypha  ;  st,  sterile 
hyplue  :  B,  young  fruit ;  j>,  wall  of  peri- 
thecium formed  of  sterile  hyphs  :  C,  a  half- 
ripe  fruit  with  ripe  asci  (a->)  and  a  number 
of  unripe  asci  (ai) :  D,  conidiophore  borne  on 
the  mycelium  ;  c,  conidia.   (After  Kxr.) 

2.  The  Perisporieae  are  closely  related 
to  the  Erysipheac,  but  are  saprophytic 
and  live  on  decomposing  organic  matter. 
To  this  order  belong  two  of  the  most 
common  Mould  Fungi,  Eurotimn  her- 
hariorum  and  PunieiUium  glaueum. 
Both  at  first  multiply  extensively  by  means  of  conidia  before  they  begin  to  form 
perithecia. 

In  the  case  o(  Eurotium  hcrbo.  riorum,  the  conidia  are  abstricted  in  chains  from 

2  A 


Fig.  276. — FenciUium  entstaceum.  Conidiophore 
with  vertlcillate  branches  s") ;  b,  st.  sterig- 
mata  abstricting  chains  of  conidia.  (From  an 
alcohol-h*matoxylin  specimen,  x  540.) 
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a  number  of  steriginata  arranged  radially  on  the  spherical,  swollen  ends  of  the 
conidiopliores  (Fig.  275,  D).  The  eouidiophores  are  closely  crowded  together, 
and  constitute  tlie  white  mould,  afterwards  turning  to  a  blue-green.  The  Fungus 
is  frequently  found  on  damp  vegetables,  fruit,  bread,  etc. 


Fio.  Ill.—THher  rufum.  1,  A  Iructilicatiou  in  vertical  si-ctioii  (X  5);  a,  the  cortex;  d,  air- 
passiiges ;  c,  dark  veins  uf  compact  hyplia- ;  h,  ascogenons  tissue:  2,  a  portion,  of  the 
Iiynieniinn.   (After  Tulasne,  from  v.  Tavei.,  x  40<>.) 

PeniciUiiim  crvstaccum  also  forms  a  very  common  blue-green  mould,  particu- 
larly on  bread.  The  erect  conidiophores  constituting  the  mould  are,  in  this  case, 
verticillately  branched  and  bear  at  the  extremities  of  each  branch  flask -shajHKi 
cells,  from  which  the  cliains  of  conidia  are  abstricted  (Fig.  276). 

Spherical  perithecia  of  Enrotiuvi  and  FcniciHium  are  produced  later  on  the 
mycelium,  but  in  the  case  of  the  latter  genus  they  are  only  rarely  found.  They 
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are  of  a  much  more  complicated  structure  than  in  the  Erysiplicae.  They 
first  appear  as  spirally -coiled  fertile  hyphse,  which  soon  become  enveloped  hy 
other  sterile  hyphfe  (Fig.  275,  B).  Entirely  enclosed  by  a  tissue  of  pseudo- 
parenchj-ma,  the  ascogenous  hypha  gives  rise  to  branches  penetrating  the  perithecial 
uvclope  and  producing  numerous  asci  containing  eight  small  round  spores  {C). 
In  the  ripe  ascus- fruit  the  walls  of  the  tubes  become  disorganised  and  also  the 
investing  pseudo-parenchyma,  except  the  outermost  layer,  which,  by  suddenly 
bursting,  releases  the  spores. 

3.  The  Tuheraceae  or  Truffle  Fungi  are  saprophytic  ^scoy/iyce^g*  whose  mycelium 
is  entirely  subterranean,  ramifying  in  humus  soil,  particularly  in  woods  under 
decaying  leaves.  They  belong  to  the  Fungi  which  give  rise  to  the  formations 
known  as  Mycorrhiza  p.  210}.  The  ascus  fructifications  familiar  under  the  name 
of  truffles  are  underground  tuberous  bodies  Fig.  277),  consisting  of  a  thick, 
investing,  cortical  layer  of  pseudo-parenchyma  enclosing  an  inner  mass  of  looser 
hyphal  tissue.  The  internal  tissue  is  traversed  by  air-passages  [d)  and  pervaded 
by  anastomosing  veins  of  more  compactly  united  hyph*  (c,,  in  consequence  of 
which  it  has  a  marbled  or  veined  appearance  in  cross-sections. 

The  club-shaped  asci  are  disposed  in  nest-like  groups  (Fig.  277.  2)  throughout 
the  interior  of  the  tuberous  fructifications,  or  they  form  a  hymenial  layer  coating 
the  walls  of  narrow,  winding  chambers.  The  asci  contain  only  a  small  number 
of  spores  ;  in  the  case  of  the  true  truffles  (genus  Tuber)  they  are  usually  only  four 
in  number,  and  generally  have  a  spinous  or  reticulately-thickened  epispore.  "When 
the  fructifications  are  fully  mature,  the  sterile  tissue  in  the  interior  and  also  the 
walls  of  the  asci  disappear,  leaving  the  ripe  spores  enveloped  only  by  the  outer 
cortical  layer. 

The  fructifications  of  many  of  the  Tuberaceae  are  edible,  and  have  an  aromatic 
odour  and  taste.  They  are,  for  the  most  part,  obtained  from  France  and  Italy,  and 
from  the  neighbourhood  of  the  Rhine,  where  they  are  regularly  collected  on  account 
of  their  commercial  value  as  articles  of  food.  Of  the  edible  varieties,  the  most 
important  are  the  so-called  black  truffles  belonging  to  the  genus  Tuber,  viz. 
Tvher  hrumuh,  melanosporuni,  aestivum,  nusentericum.  The  fructifications  of 
these  species  have  a  warty  cortex  of  a  black,  reddish- brown,  or  dark  brown  colour  ; 
the  two  first  named  frequently  attain  the  size  of  a  man's  fist,  and  often  weigh  over 
two  pounds.  The  white  truffle,  Choironojccs  meandriformis,  which  is  also  e"dible 
and  resembles  a  potato  in  form  and  size,  is  light  brown  externally,  but  in  the 
interior  is  white  with  yellowish  veins.  The  fructifications  of  Tuber  rufuni,  which 
are  about  as  large  as  a  walnut,  and  have  a  leathery  cortex  enclosing  a  hard  internal 
substance,  are  not  edible,  nor  are  those  of  Elaphoniyces  granulatus,  the  Stag- 
truffle,  whose  yellowish-brown  cortical  layer  is  hard  and  woody  or  corky. 

Order  3.  Pyrenomycetes 

The  Pyrenomycetes  comprise  an  exceedingly  varied  group  of  Fungi,  some  of 
which  are  parasitic  upon  different  portions  of  plants,  particularly  on  the 
cortex  and  leaves,  and  others  are  saprophytic  upon  decaying  wood,  dung,  etc., 
while  a  few  genera  occur  as  parasites  upon  the  larv?e  of  insects.  The  flask-shaped 
fructifications  or  perithecia  are  characteristic  of  this  order.  The  perithecia  are 
oi>en  at  the  top,  and  are  covered  inside,  at  the  base,  with  a  hymenial  layer  of  asci 
and  hair -like  paraphyses  (Fig.  278}.  The  lateral  walls  are  coated  with  similar 
hyphal  hairs,  the  paraphyses.  The  spores  escaj»e  from  the  perithecia  through  the 
aperture.    In  this  process  one  ascus  after  another  elongates  in  consequence  of  the 
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water  absorbed,  and  discharges  its  spores  througli  the  opening,  or  the  spores  are  set 
free  within  the  peritliecia,  and  are  ejected,  embedded  in  a  swollen  mass  of  slime. 

Tlie  simplest  Piireno^nijcctcs  possess  free 
l»erithecia  growing  singly  on  the  incon- 
sjiicuous  mycelium,  having  the  ai»i)earance 
of  small  black  dots  irregularly  disposed  over 
the  surface  of  the  organic  sultstratum.  In 
other  cases  the  formation  of  the  fructifica- 
tions is  more  complicated  ;  they  arise  in 
groups  embedded  in  a  cushion- or  club-shaped, 
sometimes  branching,  mass  of  comj^act 
mycelial  hyplue  having  a  dense  pseudo- 
l)arenchymatous  structure.  Such  a  fructifica- 
tion is  known  as  a  stroma. 

In  the  life-history  of  most  Pyrenomycdfs 
the  formation  of  peritliecia  is  preceded  by 
the  production  of  various  accessory  fructi- 
fications, jiarticularly  of  conidia,  which  are 
abstricted  in  different  ways,  either  directly 
from  the  liN'phfe  or  from  special  conidio- 
phores,  and  are  especially  efficacious  in  dis- 
seminating tlie  Fungi.  The  couidiophores 
are  frequently  united  in  a  conidial  stroma  in 
the  form  of  incrustations  or  wart-  or  club- 
shaped  mycelial  masses  ;  they  then  consti- 
tute distinct,  conidial  fructifications.  A 
special  form  of  such  conidia-fruits  are  tlu- 
rYCNiDiA  protluced  by  many  genera.  Tin  y 
are  small  spherical  or  flask-shaj)ed  bodies 
the  ascogenous  peritliecia,  but,  instead  of  asci,  they 


Fig.  27S. — Perithcciuiii  of  Po</osporo  fimiscda 
in  loiigitvulinal  section.  Asci ;  o, 
paraphyses  ;  f,  periphyses  ;  m,  niycelial 
liyplue.    (After  v.  Tavel,  x  90.) 


hich  in  structure  resemblt 


of  which  conidi: 


give  rise  to  branched  hyphal  tilanients  from  the  api 
case  termed  pycnospuuks  or  pycno- 
CONIDIA,  are  abstricted  (Fig.  279,  1, 
2).  The  ditterent  kinds  of  fructifica- 
tions in  the  Pyrcnoniycctcs  usually 
make  their  appearance  in  succession. 

As  representatives  of  the  Pyrvitn- 
niycetcs  with  free  peritliecia  may  be 
cited  the  numerous  species  of  the 
genus  Sphacriu,  which  appear  as  jet 
black,  spherical  bodies  upon  dry  stems 
and  leaves.  An  example  of  a  species 
forming  a  stroma  is  alforded  by  Xcdria 
cinnahariint.  This  Fungus  occurs  on 
tlie  dried  branches  of  deciduous  trees 
and  jiroduces  small,  nearly  round  or 
somewhat  elongated  stroniata  of  a 
cinnamon -red  colour.  At  first  tlu- 
stroiuata  give  rise  only  to  filamentous 

conidiophoH's  from  which  conidia  are  abstrieted,  but  they  afterwards  develop  sunken 
peritliecia.    Xyhiria  hypoxylon,  eonmion  »ni  rotten  tree-stumps,  produces  an  en-ct. 


;.  'JT'.'.  —  1,  Conitlinphon-  al>striotii  _ 
from  a  i>yeni<liuin  of  ('/-i/yrf'iNyxin' 
(After  Uhefelh,  x  300.)   "J,  Tycni'li 
keria    tMuccM    in    vertical  section 
Tl  LASSE,  X  70.) 
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^17--.  O'j.  dps  ot  the 
-:ii''.r.li~'i  in  its  central 


P  F  «? 

F&£.  iSflL — Cllissiiciivif  p'-trvHrtiis.    A.  My,;  -;  i  .  :  -7  ".  I  vsxth  CQBiitlia;  B.  <^  ot"  Kp?  'ritfa.  seTeratl  ripe 
-  ■  •  -  '     ■  :  -     ■  -  -  '  -  ,  -  ■  "  xl  seetioa  of  a  selerotiimi  showing 

- ' L  Ijr  m^^gnitied :  F.  SLsens  with  eight 
-    -      "      -  .  _    _  :  5".  a  single  spc»e.   (A  after 

£»a£FEij>  ;  C-M        X€x.&^n£ :  i^^  p^MKogiapiketi  £rv>.:^  r«TcrxiX  and  i«m.inarsL) 


Clawiequ  fmrfntraty  the  Fungus  of  Eig  ~ 
Tialne.    It  is  ]«uaaitic  in  the  Toong  ovaries 


"  of  its  oflaeinal 
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liarticulai  ly  of  R^  e.  The  ovaries  are  infected  in  early  summer  by  the  ascospores  ; 
they  become  overgrown  with  the  hyphal  filaments,  and  in  consequence  are  deformed 
and  reduced  to  soft,  furrowed  bodies.  The  mycelium  soon  begins  to  form  conidia, 
which  are  abstricted  in  small  clusters  from  short  lateral  conidiophores  (Fig.  280,  A). 
At  the  same  time  copious  exudations  of  sweet  fluid  are  extruded.  This  so-called 
HONEY-DEW  is  eagerly  sought  by  insects,  and  the  conidia  embedded  in  it  are  thus 
carried  to  the  ovaries  of  other  plants.  The  couidial  form  of  this  Fungus  was 
formerly  regarded  as  a  distinct  genus  under  the  name  oi  SphaccUu  scyetum.  After 
the  completion  of  this  form  of  fructification,  and  the  absorption  of  the  tissue  of  the 
ovary  by  the  mj'celium,  a  sclerotium  is  eventually  formed  in  the  place  of  the  ovary 
from  the  hyphse  of  the  mycelium  by  their  intimate  union,  especially  in  the 
periphery,  into  a  corai)act  mass  of  pseudo-parenchyma  (Figs.  97,  98,  p.  87).  In 
the  centre,  the  tissue  of  the  sclerotium  consists  of  more  loosely  disposed  hyphae, 
and  is  of  a  lighter  colour.  These  elongated  dark-violet  scleuotia,  which  j»roject 
in  the  form  of  slightly  curved  bodies  from  the  ears  of  corn,  are  known  as  Ergot, 
Secale  cornutum  (Fig.  280,  B).  The  sclerotia,  copiously  supplied  with  reserve 
material  (fat),  eventually  fall  to  the  ground,  where  they  pass  the  winter,  and 
germinate  in  the  following  spring  when  the  Rye  is  again  in  flower.  They  give  rise 
to  bundles  of  hyphre  which  produce  long,  stalked,  rose-coloured  globular  heads  ((7). 
Over  the  surface  of  the  latter  are  distributed  numerous  sunk  perithecia  (Z>,  E). 
These  stalked  heads,  several  of  which  are  formed  from  the  same  sclerotia,  and 
elongate  until  they  appear  above  the  ground,  are  ascogenous  fructifications,  and  are 
in  reality  stromata  with  perithecia.  Each  perithecium  contains  a  number  of  asci 
with  eight  long,  filiform  ascospores,  which  are  ejected  and  carried  by  the  wind  to 
the  flowering  ears  of  grain. 

Cordycejjs,  a  genus  closely  related  to  Chtviccj/s,  is  parasitic  in  the  larvie  of  insects 
and  converts  the  whole  body  of  the  infected  larva  into  a  sclerotium,  from  which  is 
eventually  produced  a  long,  club-shaped  stroma  bearing  numerous  perithecia. 
In  this  case  also,  a  formation  of  conidia  takes  place.  Botnjtis  Bassiana  causes 
a  disease  in  silkworms  known  as  Muscardine.  Of  this  Fungus  only  the  conidial 
fructifications  are  known,  which  are  similarly  constructed  to  those  of  CUiviceps,  and 
grow  all  over  the  dead  silkworm  as  a  snow-white  mould. 

Officinal.  —  Secale  cornutum  (Pharm.  germ.)  or  Ergot  is  the  sclerotium  of 
Claviceps  jnuyurca. 

Order  4.  Discomycetes 

The  Discomycetes  an-  distinguislu'd  from  the  other  orders  by  their  open 
gymnocarpous  apothecia,  which  bear  the  hymeniuni, 
consisting  of  asci  and  paraphyses,  freely  exposed  on 
their  upper  surface.  The  ditlerent  groups  exhibit  great 
diversity  as  regards  the  manner  of  development  of  their 
fructifications. 

The  great  majority  of  the  Discomycetes,  of  which  the 
genus  Fcztzo,  with  some  hundred  species,  may  serve 
as  a  tj'pe,  grow  on  living  or  dead  vegetable  substances, 
especially  upon  decaying  wood,  but  sometimes  also  on 
Fio.  2S\. -Jeziza  aurantiaaK  li""^"'^  ^^il-  They  produce  saucer-,  bowl-,  funnel-,  or 
(After  Krombholz,  nat.  size.)  disc-shaped  fructifications  of  a  fleshy  or  leathery  con- 
sistency, and  usually  of  small  dimensions.  One  of  tlie 
largest  forms,  /'ezizo  ourontioco  (Kig.  281),  has  seven  centimetre-broad,  irregularly 
bowl-sliap(  <l  IVuetilications,  whii-li  arc  of  a  l-riglit  orange-red  colour,  while  in  most 
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of  the  other  species  they  are  gray  or  brown. 

In 


Such  cup-shaped  fructifications  are 
their  early  stages  the  apothecia  are 


Fig.  282. — Lachnea  imlcherrima.  Apotheciuni  ruptured, 
showing  old  and  young  asci  between  the  paraphyses. 
(After  WoRONiN,  from  v.  Tavel.) 


not  termed  peritliecia  but  apothecia. 
closed,  but  soon  after  the  rudi- 
ments of  the  hymenium  are 
developed,  the  thin,  outer  en- 
velope ruptures  and  the  fructi- 
fication becomes  gymnocarpous 
(Fig.  282).  The  hymenium  is 
situated  on  the  inside  of  the 
cup.  The  hypothecium,  or  that 
part  of  the  fructification  im- 
mediately beneath  the  inner 
hymenial  layer,  is  composed 
of  closely  interwoven  sterile 
hyphse.  These  sterile  hyphfe 
give  rise  to  the  paraphyses, 
while  the  eight -spored  asci 
growing  in  between  the  para- 
physes are  produced  from 
special  ascogenous  hyphse, 
which  sooner  or  later  become 

differentiated  as  thick  branching  filaments,  in  the  hypothecium.  The  apothecia 
are  gregarious,  but  each  is  distinct  from  the  other, 

Sclerotia  of  varying  form  are  produced  by  different  species  of  SdcroUnia.  In  the 
case  of  Selerotinia  tuberosa  they  have  the  appearance  of  black  tuberous  bodies  and 
grow  upon  the  dead,  underground  rhizomes  of  Anemone  nemorosa.  The  sclerotia 
of  other  species  are  formed  like  those  of  Clavicejys,  in  infected  ovaries  (e.g. 

S.  haccarum  upon  Vaccinium  Myrtillus).  In  the 
spring  the  sclerotia  germinate  and  give  rise  to  long- 
stalked  apothecia. 

The  Phacidiaceae,  appearing  on  leaves  or  bark, 
form  a  special  group  of  Discomycetes.  Rhytisma 
acerinum,  common  on  the  leaves  of  the  Maple, 
belongs  to  this  family.  In  the  course  of  the  summer 
it  forms  large  black  incrustations  of  pseudo-paren- 
chyma, from  which  at  first  only  conidial  fructifica- 
tions arise.  In  the  autumn  the  rudiments  of  the 
apothecia  are  formed  ;  they  do  not  develop  into 
mature  apothecia  until  the  succeeding  spring,  when 
they  make  their  appearance  in  the  form  of  irregular 
fissures,  with  a  yellowish  hymenium  upon  the  crus- 
taceous  sclerotia,  which  have  remained  over  winter 
upon  the  dead  leaves. 

The  highest  development  is  exhibited  by  the 
peculiar  fructifications  of  the  Hclvcllaceae  or  Morel 
Fungi,  whose  mycelium,  like  that  of  the  Truffle 
Fungi,  vegetates  underground  in  the  humus  soil  of 
woods,  but  produces  soft  wax-like  aerial  fructifica- 
tions. In  the  genus  Morehella,  Morel  (Fig.  283),  the 
fructifications  consist  of  a  thick  erect  stalk,  bearing  a  club-shaped  or  more  or  less 
spherical  cap  or  pileus,  which  bears  the  hymenium,  Avith  its  eight-spored  asci,  on 


Fig.  283. — Morchella  escidenta 
(I  nat.  size.) 
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the  reticulately  indented  exterior  surface  (Fig,  273,  \k  351).  The  Morchellas  are 
edible,  and  have  an  agreeable  taste  and  smell,  in  i>artioular  M.  cscuhnta  and  M. 
conica.  HclvcUa  cscuh  nta,  which  is  also  edible,  has  a  whitish  stalk  and  a  dark- 
brown  pileus  ;  but  HelvcUa  suspcda,  with  a  reddish -brown  jiileus  and  a  dirty 
flesh-coloured  stalk,  has  a  nauseous  sweetish  taste,  and  is  regarded  with  suspicion. 
Verpa  diyitaUformis,  which  has  a  long-stalked,  bell-shaped  pileus,  is  also  edible. 
In  their  external  appearance  the  fructifications  of  these  highly-developed  Disco- 
mycctcs  greatly  resemble  those  of  the  BasUlioimjcdcs. 

In  the  Uclvcllaccac  the  production  of  conidia  as  an  accessory  form  of  fructification 
is  not  known  to  occur,  but  in  the  other  Disco inycctcs  the  formation  of  conidia  fre- 
quently takes  }»lace  in  the  same  manner  as  in  the  ryrcnoinycctcs. 

Sub-Class  5.  Hemibasidii 

Just  as  the  Ilemiasci  occupy  an  intermediate  position  between  the 
sporangiferous  Zi/(/omt/cetes  and  the  Asromijcdes,  the  Hemibasidii  connect 
the  conidia-bearing  Zi/gomijcetes  and  the  Basidiomycetes.  Their  conidio- 
phores  bear  a  close  resemblance  to  the  basidia  of  the  Bu.<idu,inii(€Usy 
but  differ  from  the  latter  in  producing  sjiores  less  definite  in  form 
and  number.  Both  the  Ilmnihasidii  and  the  succeeding  sub-class,  ^a^*- 
diomi/cefes,  are  highly  organised  Fungi  with  septate  mycelia.  They 
are  devoid  of  any  sexual  mode  of  reproduction ;  the  asexual  formation 
of  spores  is  never  effected  in  sporangia  or  asci. 

The  Hemihdsidii  comprise  but  one  order,  the  Brand  Fumji.  They 
are  parasites,  and  their  myceliuui  is  found  ramifying  in  higher  jdants, 
usually  in  definite  organs,  either  in  the  leaves  and  stems,  or  in 
the  fruit  or  stamens.  The  Gramineae  in  particular  serve  as  host- 
plants  for  the  Brand  Fungi,  certain  species  of  which  are  in  a  high 
degree  injurious  to  cereals,  and  produce  in  the  inflorescences  of  Oats, 
Barley,  AVheat,  ]\Iillet,  and  Maize  the  disease  known  as  smut. 

At  the  end  of  its  jieriod  of  vegetation  the  mycelium  of  the 
Brand  Fungi  produces  in  or  ui)on  the  host-plant  the  so-called  bmnd 
spores  b}'  the  formation  of  additional  transverse  walls,  and  by  the 
division  of  its  profusely  branched  hyphae  into  short  swollen  cells 
(Fig.  284,  A).  The  cells  become  rounded  ofl'  and  converted  into 
spores,  while  their  cell  walls  undergo  a  mucilaginous  modification. 
Tiie  s})ores  thus  surrounded  by  gelatinous  envelopes,  which,  how- 
ever, eventually  disai)pear,  tlien  become  invested  with  a  new,  thick, 
double  wall,  consisting  of  a  thin  colourless  endosporium  and  a 
thick  dark  -  coloured  exosporium.  In  this  way  the  mycelium  is 
transformed  into  a  dark  -  brown  or  black  mass  of  sjMDres.  As 
regards  the  manner  of  their  formation,  the  brand  spores  may  be 
regarded  as  chlamydospores,  similar  to  those  fornunl  in  the  case  of  the 
Jhi/iiasri  by  rrotvinyres  (Fig.  272,  p.  350),  and  occurring  also  in 
certain  of  the  Zi/tfom f/crfes  and  in  many  of  the  higher  Fungi.  In  the 
formation  of  chlamydospores  by  the  septation  of  the  hyphc-e,  an 
essentially  different  mode  of  spore-formation  is  exhibited  than  that 
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employed  in  producing  conidia,  which  are  abstricted  by  a  i)rocess  of 
budding  from  the  extremities  of  hyphal  branches.  In  Protomyces  the 
chlamydospores  form  an  ascus-like  sporangium  on  germination  ;  in  the 
Smut  Fungi,  on  the  other  hand,  they  give  rise  to  a  basidium-like  conidio- 
phore.  The  brand  spores  are  resting  spores,  they  are  scattered  by 
the  wind,  and  germinate  only  after  an  interval  of  rest,  producing 
conidiophores  in  the  succeeding  spring,  the  formation  of  which  is 
characteristically  different  in  the  two  families  of  the  Brand  Fungi,  the 
Ustilarjinaceae  and  the  Tilletiaceae. 

Of  the  Ustilaginaceae,  the  most  important  genus  is  Ustilago.  U.  scgetum  {=U. 
Carho)  causes  the  mildew  and  blasting  of  the  inflorescence  of  Oats,  Barley, 
"Wheat.  The  mycelium  pene- 
trates the  ovary  enclosed  by 
the  palete,  and  forms  dark- 
brown  dust  -  like  masses  of 
escaping  brand  spores  in  the 
pl^ce  of  the  seeds.  U.  Maydis 
produces  on  the  stalks,  leaves 
and  inflorescences  of  the  Maize 
tumour  -  like  swellings  filled 
Avith  brand  spores  in  the  form 
of  a  black  powder.  Other 
species  live  on  the  leaves  of 
diff'erent  grasses  ;  wliile  U. 
violacea  {=  U.  antherarum) 
occurs  in  the  anthers  of  vari- 
ous Caro'pliyllaccac  {e.g. 
Lychnis),  and  fills  the  pollen- 
sacs  with  brand  spores. 

The  brand  sjDores  of  UstA- 
lago  fall  to  the  ground,  and 
after  a  period  of  rest  give  rise, 
on  germinating,  to  a  short  tube 
which  becomes  septated  by 
three  or  four  transverse  Avails  (Fig.  284,  B),  and  functioning  as  a  conidiophore,  pro- 
duces egg-shaped  conidia,  both  laterally  from  the  upjier  ends  of  the  intermediate 
cells,  and  also  from  the  tips  of  the  terminal  cell.  When  abundantly  supplied 
with  nourishment,  and  also  on  cultivation  in  a  nutrient  solution,  conidia  are  con- 
tinuously abstricted  in  large  numbers  (Fig.  284,  C),  and  then  multiply  further  by 
budding  in  the  manner  of  yeast  cells  (C,  D).  After  the  food-supply  of  the  sub- 
stratum is  exhausted,  the  conidia  grow  out  into  mycelial  hyphae.  The  germina- 
tion of  the  conidia  in  the  damp  manured  soil  of  the  grain  fields  is  accomplished 
during  a  saprophytic  mode  of  existence,  but  the  hyphal  filaments  which  are 
eventually  produced  become  parasitic,  and  penetrate  the  young  seedlings  as  far 
as  the  vegetative  cone,  where  the  inflorescence  takes  its  origin.  Then  the 
^mycelium  continues  its  development,  and  ultimately  terminates  its  existence  by 
the  production  of  brand  spores.    No  conidia  are  formed  on  the  host-plant  itself. 

The  life-history  of  the  Tilletiaceae  is  similar  to  that  of  the  Ustilaginaceae.  The 
best  known  species  are  Tilletia  Tritici      T.  Caries)  and  Tilletia  laevis,  the  Fungi 


Fio.  284. — A,  Ustilago  oUvacea.  Mycelial  liyplia  in  process  of 
forming  brand  spores  (x  400).  B-D,  Ustikuio  segdum:  B, 
germinating  brand  spore  ;  d,  cultivated  in  nutrient  solu- 
tion (x  450);  /,  transversely  septate  conidiophores  with 
lateral  and  terminal  conidia  (c) :  C,  germinating  brand  spore 
lying  in  the  nutrient  solution  surrounded  by  abstricted 
conidia,  which  are  multiplying  by  budding  (x200):  D,  an 
aggregation  of  budding  conidia  (x350).  (After  Brefeld, 
from  V.  Tavel.) 
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of  the  stink-brand  of  wheat.  The  brand  spores  of  these  species  are  also  produced 
in  the  ovaries,  from  which,  however,  they  do  not  escape,  but  remain  enclosed  within 
them,  filling  the  apparently  healthy  grains  with  black  brand  spores,  smelling  like 
decayed  fish.     In  the  first-named  species  the  brand  spores  are  provided  witli  a 


reticulatcly  thickened  epispore  ;  those  of  T.  lorvis, 


Fig.  285. — Tillrtia  Tritici,  1,  Geniiinatiiij;  brand  spore,  witli 
unseptate  couidiophore  (0  and  apical  filifonu  conidia  (<.•) 
(X  300);  2,  a  j;eniiinating  liliform  conidiuin  bearing;  a 
sickle-shaped  couidiiuu  (x400);  8,  portion  of  niycfliuni 
with  sickle  -  shaped  conidia  (x3.jO).  (After  Brf:kkli>. 
from  V.  Tavel.) 


on  the  other  hand,  are  smooth - 
walled.  Unlike  the  rstilofjin- 
oceae,  the  germ-tube  gives  rise 
only  at  its  apex  to  filifonu  con- 
idia, which  are  dis}>osed  in  a 
whorl,  and  consist  of  four  to 
twelve  spores  (Fig.  2S5,  1). 
The  conidia  also  exhibit  the 
peculiarity  that  they  coalesce 
with  one  another  in  pairs  in  an 
H-fonn.  In  this  process  two 
conidia  come  into  open  com- 
munication by  means  of  a 
bridge-like  connection  extend- 
ing from  the  middle  of  the  two 
cflls,  a  fomi  of  coalescence 
which  frequently  takes  place 
between  the  mycelial  hypha 
of  the  higher  Fungi.  The  fili- 
form conidia  germinate  readily, 
and  produce  sickle-shaped  con- 
idia at  the  apex  of  the  germ- 
tubes.  "When  abundantly  sup- 
l>lied  with  food  material,  the 
germ  -  tubes  grow  into  large 
mycelia,  from  which  such 
sickle  -  shajted  conidia  are  so 
abundantly  abstricted  that 
they  have  the  api»earance  of  a 
produces  conidia  of  two  forms  ; 
sam«*. 

>tem  blight, 


hose 


growth  of  mould.    Thus  TiJlctUi,  unlike  L'stihi<j<. 
but  in  other  particulars  the  development  of  both  groups  is  tht 

To  the  TiUctiaccac  belongs  also  Urorijsfis  occu/td,  Kye 
brand  spores  are  formed  in  Rye  haulms. 

The  transversely  septate  conidiophores  of  the  Ustihnjiiiaccac,  and  the  uns»  p- 
tate  conidiophores  of  the  TiUctutcaic,  produce  an  indefinite  number  of  conidia. 
In  the  group  of  the  Basidiomyccti  s,  although  both  types  of  conidiojthores  occur, 
the  number  of  spores  produced  is  delinite,  and  the  conidiophores  are  then  termed 
basidia. 

The  formation  of  conidia  iu  the  JUmibasidii  n- presents  an  original  forni  of 
asexual  siwre-formation,  while  the  development  of  brand  spores  is  to  be  regarded  as 
an  interpolated,  more  recently  acquired  mode  of  spore-production. 


Sub-Class  6.  Basidiomycetes 

Like  the  Asroini/rcfcs  the  Jjdsii/ivini/cifcs  form  an  extremely  x.iii.iinr 
group  of  Hyphomycetes,  with  septated  mycelium  and  devoid  of 
sexual  reproduetioii.    They  are  specially  characterised  l»y  the  forma- 
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Fig.  286. — Basidia  of  En^plijiUum  Ewphorhiac  silva.ticae 
(A),  Tremella  lutescens  (7i),  and  Tomentella  granulcda 
(C),  belonging  respectively  to  the  ordei's  Uredineae, 
Trcmellincae,  and  Hynienomycetes.  (A  after  Tulasne  ; 
B,  C  after  BREFELD/from  v.  Tavel  ;  A,  B  xibO  ;  C  x 
350.) 


tion  of  basidia  or  conidiophores  of  definite  sha})e  and  size,  and  bear- 
ing a  fixed  number  of  spores,  usually  four  (in  exceptional  cases  two, 
six,  or  eight).  The  basidia  appear  in  two  chief  forms:  (1)  as  proto- 
BASIDIA,  the  conidiophores 
of  Avhich  are  multicellular, 
having  either  the  upper  por- 
tion divided  by  transverse 
septa  (Fig.  286,  A)  into  four 
cells,  each  of  which  gives 
rise  to  a  spore  from  a  later- 
ally inserted  sterigma,  or  the 
basidia  are  divided  longi- 
tudinally into  four  cells  (Fig. 
286,  B)  by  walls  intersecting 
at  right  angles ;  each  cell 
terminates  in  a  long  tubular 
sterigma ;  (2)  as  AUTO- 
BASIDIA,  with  unseptated 
conidiophores  (Fig.  286,  G), 
which  give  rise  at  their 
apices  to  four  slender  sterig- 
mata,  each  bearing  a  spore. 
The  transversely  divided 
protobasidia  have  their  prototype  in  the  conidiophores  of  the  Ustila- 
ginaceae  ;  the  autobasidia  in  those  of  the  Tilletiaceae. 

In  addition  to  conidiophores  differentiated  as  basidia,  the  Basidio- 
mycetes  produce  other  forms  of  conidia  as  accessory  fructifications,  also 
chlamydospores.  They  thus  possess  a  polymorphism  in  the  forma- 
tion of  asexual  spores  in  place  of  a  sexual  reproduction,  which  is 
absent. 

According  to  the  form  of  their  basidia,  the  Basidiomycetes  are 
classified  into  two  groujis,  with  the  following  European  orders. 

A.  Protohasidiomycetes 

Order  1.  Uredineae,  basidia  transversely  septate;  gymnocarpous. 
2.  Auric'ularieae,  ,,  ,,  ,,  „ 

„     3.  Pilacreae,  ,,  ,,  ,,  angiocarpous. 

4.  Tremellineae,    basidia   longitudinally    septate ;  gymno- 
carpous. 

B.  Autobasidiomycetes 

„     5.  Hymenomycetes,    basidia    unseptate ;   gymnocarpous  or 

hemiangiocarpous. 
„     6.  Gasteromycetes,  basidia  unseptate  ;  angiocarpous. 

Of  these  orders,  the  Uredineae,  Hymenomycetes,  and  Gasteromycetes 
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are  the  most  important,  and  have  the  greatest  number  of  species,  while 
the  second,  third,  and  fourth  orders  inchide  only  a  fe\v  forms. 

Order  1.  Uredineae  (Rust  Fungi) 

The  Fungi  of  this  ordtr  are  all  injurious  parasites.  Their  mycelium  lives  in 
tlie  intercelhdar  spaces  in  the  tissues  of  the  higher  jdants,  particularly  in  the 
leaves,  which  then  acquire  a  spotted,  rusty  a}»i)earance.  The  Rust  Fungi  are 
closely  allied  to  the  Brand  Fungi.  Like  them,  they  produce  chlamydospores 
which  break  through  the  tissue  of  the  host  and  form  the  rust  spots  characteristic 
of  these  Fungi.  The  germ-tube  resulting  from  the  germination  of  a  cldamydospore 
gives  rise  directly  to  a  transversely  septate  basidium  (Fig.  2S6,  A),  from  which 
four  sterigmata,  each  with  a  spore,  are  successively  developed.  Formerly  it  was 
customary  to  designate  the  transversely  divided  basidium  a  promycelium,  and  the 
basidiospores  sporidia.  The  jn'ocess  of  chlamyfhjspore-formation,  as  exhibited  l)y 
the  Uredineae,  undergoes  extensive  and  complicated  modifications  ;  very  frequently 


Fic.  2S7.—l'iicchii((  fnsm  on  Anemone  nemorom.    Section  through  an  iocidimn  ;  h,  tissue  of  iut»^r- 
woveii,  sterile  hypha- ;  ^,  chains  of  spores  ;  p,  periiiiuiu.   (After  v.  Tavel,  x  150.) 

three  distinct  forms  of  chlamydospores  are  produced  by  the  sanu-  Fungus,  at  the 
same  time  or  in  succession. 

1.  The  TELEUTOsroiiKs  (winter  spores)  which,  as  typical  chlamydosi>ores,  prob- 
ably constitute  the  original  form  of  spores  pecidiar  to  all  the  species,  are  invested 
with  a  thick  wall.  They  are  formed  at  the  ends  of  numerous,  closely-clustered 
mycelial  hyphre  which  rupture  the  epidermis  in  small,  usually  more  or  less  round 
spots.  They  are  fre(piently  joined  togetlu'r  in  rows  of  two  or  more  (Fig.  288,  1,  f»,  /), 
and  are  produced  in  late  summer,  toward  the  close  of  the  vegetative  period.  They 
function  generally  as  resting  spores,  and  after  hibernating,  germinate  in  the  spring 
and  develop  at  once  basidia,  bearing  four  spores. 

2.  The  uuKDosroiiKs  (summer  s}>ores)  arise  in  the  same  or  similar  positions  to 
the  teleutospores,  but  precede  them  in  development.  Tliey  germinate  immediately 
after  their  dissemination,  producing  a  vegetative  mycelium,  and  provide  for  the 
raultiiilication  of  the  Fungus  during  the  summer.  They  are  unicellular  and 
enveloped  only  with  a  thin  wall  (Fig.  288,  5  and  6). 

'6.  The  .Ei  iDKisi'OKKs,  which  are  jtroduced,  jirior  to  »'itlur  of  the  other  two 
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forms,  in  special  fructifications  or  ^cidia,  germinate,  like  the  uredospores, 
directly  after  they  have  been  set  free.  The  eecidia  (Fig.  287)  are  small,  at  first 
closed,  but  afterwards  open  and  cup-shaped  bodies  ;  they  rupture  the  epidermis 
of  the  host-plant,  and  contain  a  hymenium  of  closely -crowded  mycelial  branches 
from  which  chains  of  round  or  polyhedral  spores  are  produced  by  a  process  of  septa- 


FiG.  288. — Puccinia  graminis.  1,  Transverse  section  through  a  grass-hanhn  with  group  of  teleuto- 
spores;  2,  germinating  teleutospore  with  two  basidia  ;  3,  vegetative,  4,  fructifying  germinat- 
ing basidiospore  ;  5,  a  portion  of  a  group  of  uredospores  (it)  and  teleutospores  {t) ;  p,  the  germ- 
pores  ;  6,  germinating  uredospore.  (1,  2,  3,  4,  after  Tlilasne  ;  5,  6,  after  De  Bary,  from  v. 
Tavel  ;  1  X  150,  2  x  circa  230,  3,  4  x  370,  5  x  300,  6  x  3'JO.) 

tion.  The  enveloping  layer  or  peridium  of  the  fecidia  is  formed  of  the  peripheral 
hyphse,  which  remain  sterile. 

Uredospores  and  secidiospores  differ  from  the  teleutospores  only  in  their  manner 
of  germinating  vegetatively  ;  in  the  mode  of  their  formation  they  are  to  be  regarded 
as  chlamydospores,  which  serve  a  distinct  biological  pur^^ose  in  the  dissemination 
of  the  Fungus.  They  have  probably  been  evolved  from  teleutospores  ;  occasionally 
transitional  forms  between  teleutospores  and  uredospores  are  found. 
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In  the  life-history  of  the  Uredincae  provided  with  such  triiuorphous  chlamydo- 
spores  still  another  asexual  sporiferous  fructification  occurs,  resulting  in  the  pro- 
duction of  conidia.  In  this  case  the  conidia  are  formed  in  pycnidia  similar  in  form 
and  structure  to  those  exhibited  by  many  of  the  higher  Ascomijcctcs.  The  pyc- 
nidia produce  internally  minute  conidia  on  filamentous  conidiophores,  the  so-called 
PYCNosPOKES  or  rYCNocoNiiHA.  The  pycnidia  were  formerly  called  sperraogonia, 
and  the  spores,  which  were  thought  to  be  sexual  cells,  were  then  termed  spermatia. 
The  pycnoconidia  are  discharged  from  the  mouth  of  the  spherical  or  flask-shaped 
receptacle  (Fig.  289) ;  their  further  development  on  the  host-plant  is  still  unknown, 
but  they  may  be  induced  to  germinate  in  a  nutrient  solution.  The  pycnidia 
appear  in  spring  with  the  JEcidia,  but  somewhat  earlier,  and  on  the  upper  side  of 
the  leaf,  while  the  jecidia  develop  on  the  under  side. 

The  Uredincae  thus  exhibit  a  great  variety  of  asexual  s]>ores,  as  in  addition  to 
the  three  chlamydospore  forms  they  produce  two  other  kinds  of  conidia,  viz.  those 
formed  in  the  pycnidia  and  on  the  basidia.  The  different  spores  usually  succeed 
each  other,  according  to  the  seasons  ;  aecidiospores  a^d  pycnoconidia  in  the  spring, 
uredospores  in  summer,  and  teleutospores  in  autumi>,  which  in  the  following  spring 
develop  basidiosjiores.  The  latter  germinate  at  once,  and  the  mycelium  jteuctrates 
the  host -plant  and  produces  in  turn  a^cidia,  pycnidia,  etc.  ^Ecidiospores  and 
uredospores  provide  for  the  dissemination  of  the  Fungus  during  the  vegetative  period. 

All  the  different  forms  of  spores  arise  in  the  course  of  the  year,  either  on  the 
same  host-plant,  or  the  pycnidia  and  wcidia  may  occur  on  one  host-plant,  and  the 

uredospores  and  teleutospores  on  an- 
other, often  unrelated  plant.  In  the 
first  case  the  parent  Fungi  are  termed 
AiTtEClous  {e.g.  Piwcinia  Porri  on 
species  of  Allium  and  P.  Asparaffi, 
the  Rust  Fungus  of  Asparagus) ;  in 
the  latter  instance  they  are  HETER- 
(Eriou.s,  and  an  alternation  of  hosts 
occurs. 

An  example  of  an  hetertecious  Rust 
Fungus  is  afforded  by  Puccinia  gram- 
in  is,  the  rust  of  wheat.  It  develops 
its  uredospores  and  teleutospores  on 
all  the  green  j>arts  of  GramiuMe, 
especially  of  Rye,  Wheat,  Barley,  Oats, 
to  which  its  j)arasitic  mycelium  is  ex- 
tremely injurious.  The  a^cidia  and 
pycnidia  of  this  species  are  found  on 
the  leaves  of  the  Barberry  {BcrbcriM 
vulgaris).  In  the  spring  the  hiber- 
nating double  teleutos|»ores  give  rise  to 
transversely  septate  bji.<>idia,  from  which 
the  four  l)asidiospores  are  abstricted  (Fig.  288,  2).  These  are  .scattered  by  the 
wind,  and  if  they  fall  on  the  leaves  of  the  Barberry  they  germinate  at  once. 
The  germ-tube  i>enetrates  the  cuticle,  and  there  forms  a  mycelium  which  gives 
rise  to  jtycnidia  on  the  upi)er  side  of  the  leaf  (Fig.  289),  and  to  a-ciUia  on  the  under 
side.  This  form  of  the  Fungus  is  known  as  ^Ecidium  Bcrhcridis ;  the  a^cidium 
resembles  essentially  that  o(  Ptwcinia  fusca  previou.sly  figured  (Fig.  287).  On  the 
rupture  of  the  peridiuni  tin-  i  >  cl'li-li  \  i  11<'\\  ;t  i  i(li()sj)ores  are  con\  <  yt  (l  by  the 


Fig.  289.— i'ucci/n((  gmminis.  Transverse  section 
of  a  leaf  of  Barberry  with  a  pycnidiuni  in 
longitudinal  section  (xl50);  /•,  escaping  pycno- 
spores  ;  2,  a  portion  of  the  hynieninni  of  the 
pycnidiuni  (x'_'25);  3,  germinating  jiycnospores 
with  several  oil  globules  shown  in  the  long 
genii-tube  (x  3(;0).    (After  v.  Tavkl.) 
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wind  to  tlie  haulms  of  grasses,  upon  which  alone  they  can  germinate.  The 
mycelium  thus  developed  produces,  particularly  on  the  leaf- sheaths,  primarily 
uredospores  (Fig.  288,  5).  They  are  unicellular,  studded  with  warty  protuberances, 
and  provided  with  four  equatorially  disposed  germ-pores.  In  consequence,  the 
reddish  yellow  fat  globules  contained  in  the  protoj)lasm  of  the  spores  form  red 
markings  (formerly  termed  Uredo  linearis)  on  the  epidermis  of  the  host-plant. 
The  uredospores  are  capable  of  germinating  at  once  on  the  same  or  other  cereals, 
and  thus  the  rust  disease  is  quickly  spread.  Towards  the  end  of  the  summer 
the  same  mycelium  produces  the  black,  thick-Avalled  teleutospores,  which  in  this 
species  are  always  double,  being  united  in  pairs.  Each  teleutospore  is  i)rovided 
with  one  germ -pore,  and  on  germination  in  the  succeeding  year  the  cycle  is 
begun  afresh. 

The  mycelium  of  the  Uredo  form  may  hibernate  in  winter  wheat,  and  thus  the 
rust  may  appear  in  the  spring  without  the  previous  formation  of  basidiospores  or  of 
secidia. 

Other  Rust  Fungi,  like  Puccinia  graminis,  common  on  Gramincae,  and  having 
a  similar  development,  are  P.  Ruhigovera  (=  P.  straminis),  with  the  secidium 
form,  JEJcidium  Asperifolium  on  the  Boragincac,  and  P.  coronata,  with  the  corre- 
sponding form,  jEcidium  Ithamni,  on  Phamnus. 

All  Uredineae  do  not  exhibit  so  complicated  a  course  of  development  as  Puccinia 
graminis.  Certain  species  produce  only  basidia  from  germinating  teleutospores 
{e.g.  Puccinia  Malvacearum,  now  very  common  on  the  Malvaceae,  but  originally 
introduced  from  Chili).  Puccinia  histortac  on  Polygonum  historta  gives  rise,  in  addi- 
tion to  teleutospores,  only  to  uredospores  which  are  developed  on  the  same  host. 
Puccinia  fusca  produces  pycnidia  and  aecidia  (Fig.  287),  and  afterwards  teleuto- 
spores on  the  leaves  of  Anemone  nemorosa,  but  no  uredospores.  In  the  develop- 
ment of  various  Ibrms  of  chlamydospores,  either  a  different  degree  of  advancement 
is  thus  manifested  in  the  different  groups,  or  by  a  process  of  degeneration  one  or 
other  spore -form  has  been  lost.  There  are,  moreover,  species  whose  reproduc- 
tion is  effected  chiefly  or  exclusively  by  uredospores  or  by  secidia.  In  such  cases 
it  must  be  inferred  that  as  the  result  of  the  environment  the  production  of  teleuto- 
spores has  been  almost  wholly  or  altogether  suppressed.  For  example,  it  is  stated 
that  in  the  tropical  climate  of  Ecuador,  Uromyces  Fahae  on  Vicia  Faha  multiplies 
solely  by  means  of  uredospores. 

In  the  case  of  the  lieteroecious  species,  it  is  only  possible  to  demonstrate  the 
connection  between  the  different  spore-forms  by  means  of  culture  experiments.  So 
long  as  the  relation  of  the  different  forms  was  not  known,  it  was  customary  to 
designate  each  by  a  special  generic  name  ;  the  Uredo  forms  as  Uredo  ;  the  jEcidia, 
according  to  their  structure,  as  JEcidium,  Roestelia,  Peridermiurii,  etc.  The 
generic  name  is  now  determined  by  that  of  the  teleutospores,  as  they  exhibit  the 
most  characteristic  distinctions. 

Many  of  the  Uredineae  are  injurious  parasites,  e.g.  Gymnosporangium  Sabinae, 
whose  teleutospores  develop  on  Juniperus  Sahina,  while  the  aecidia  and  pycnidia 
occur  on  Pirus  Communis.  The  secidium  produces  the  so-called  lattice  rust  on  the 
leaves  of  the  pear  tree,  and  has  been  termed  Roestelia  cancellata.  The  Rust  Fungus 
found  on  the  needles  and  bark  of  various  species  of  pines,  and  formerly  known  as 
Peridermium,  is  due  to  sac-shaped  aecidia,  which  belong  either  to  the  genus  Coleo- 
sporium,  whose  uredo-  and  teleuto-forms  occur  on  the  Compositae  and  Rhinanthaceae, 
or  to  the  genus  Cronartium,  with  uredo-  and  teleuto-forms  on  Vincetoxium  and 
Rihes.  Especially  destructive  to  the  tropical  coffee  culture  is  Hemileia  vastatrix, 
which  produces  both  its  uredospores  and  teleutospores  on  the  leaves  of  coffee  plants. 


368 


BOTANY 


PART  II 


Order  2.  Auricularieae 

The  ba.sidia,  as  in  the  case  of  the  Vrid i,ii  a> ,  are  trausvei-sely  septate,  with  four 
loug  sporiferous  sterigiuatii ;  they  spring  directly  from  the  nncelium  without  any 
previous  formation  of  chh\mydospores.  But  few  forms  are  inehided  in  this  order. 
Among  the  most  familiar  is  Aurkularia  samhucina  (Judas'  ear),  found  on  old  Elder 
stems.  It  has  gelatinous,  dark-hrown  fructitieations,  which  are  shell-shai)ed  and  hear 
on  their  inner  sides  the  basidial  hymeniuni. 

Order  3.  Pilacreae 

This  order  comprises  only  the  genus  I'i/acrr,  occurring  on  the  bark  of  deciduous 
trees.  The  transversely  septate  basidia  with  four  sessile  sj>ores  arise  within  stalked, 
capitate  fructitieations  which  attain  only  a  small  size. 

Order  4.  Tremellineae 

The  basidia  are  longitudinally  divided  (Fig.  '2S6,  L'].  The  hymenium  is  situated 
on  the  surface  of  the  fructifications,  which  are  generally  gelatinous  and  irregularly 
lobed  or  folded.  The  few  genera  included  in  this  order  are  saprophytic  on  decaying 
wood  and  tree-trunks,  from  whose  surface  the  fnietifieations  are  produce<l. 

Order  5.  Hymenomycetes 

The  l)asidia  are  undivided,  and  bear  four  spores  at  the  apices  of  slender  sterig- 
mata  (Fig.  290,  b,  sp).  In  the  simplest  forms  these  autobasidia  spring  directly 
from  the  mycelium,  but  in  the  majority  of  cases  stalked  fructifications  surmounte<l 

by  a  cujt-like  exjiansion,  the 
I'lLEi  s,  are  produced,  which 
bear  definite  Innnenial  layers, 
composed  in  addition  to  the 
basidia  of  jiaraphyses  (Fig. 
-^0,  })),  and  also  of  sterile 
cystids  (c)  or  club  -  shaj^ 
tubes  characterised  by  their 
larger  diameter  and  more 
strongly  thickened  wall.  In 
this  order,  in  conti-ast  to  the 
UrnhnraCy  the  formation  of 
chlamydosi)ores  is  of  rare 
occurrence,  and  is  corresjjond- 
ingly  of  suboixlinate  inqkort 
ance. 

Most  of  the  J/i/iniiio)ny- 
irt«s  develop  their  profusely 
Fu;.  '2'M).-nt,ssula  ruW.K  Portion  of  the  liyiii.Miiuiu.  sh,  Sub-  branche<l,  white  mycelium  in 
liyiiieniiil  layer ;  h,  liasiilia ;  s,  .steri;;mata  ;  sp,  spt^res  ;  p,    the  humus  soil  of  forests  or 
IKiraphyses ;  c,  a  cysti.l.   (x  540.)  i,i  ilecaying  wood,  and  pro- 

duce fructifications,  often  of 
consideral)le  size,  protruding  from  the  substratum.  The  mycelium  of  the  fonns 
vegetating  in  the  soil  spreads  further  and  further,  ami  dying  in  the  centre  as  it 
exhausts  the  food  material  of  the  substratum,  occupies  continually  widening  con- 
centric zones.    In  conseiiuence  of  this  mode  of  growth,  where  the  development  has 
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been  undisturlied,  the  fructifications  which  appear  in  autumn  form  the  so-called  fairy 
rings.  These  rings  may  attain  a  diameter  of  several  metres  ;  they  are  formed  not 
only  by  Hymcnomycetes  {e.g.  Amanita  muscaria,  Boletus  edulis),  but  also  by 
the  Morchellas  among  the  Ascomycetes.  A  few  Hymenomycetes  are  parasitic,  and 
vegetate  in  the  bark  or  wood  of  trees.  Of  such  parasitic  forms  Armillaria  mellea, 
whose  mycelium  vegetates  between  the  bark  and  wood  of  Conifers,  is  a  familiar 
example.  The  profusely  branching  mycelial  hyphse  undergo  a  remarkable  modifica- 
tion (Fig.  291),  and  become  interwoven  into  flat,  black  strands  from  which  fine, 
hair-like  hyph?e  are  sent  out  and  penetrate  the  wood  for  the  absorption  of  nourish- 
ment. It  is  from  these  strands,  known  as  Rhizomorpha,  that  the  stalked,  capitate 
fructifications  are  eventually  produced.     In  addition  to  the  subcortical  strands, 


Fig.  292.— Exohasidium  Vaccinii.  Transverse  section 
through  the  periphery  of  a  stem  of  Vacciniuvi;  ep, 
epidermis  ;  p,  cortical  parenchyma ;  in,  mycelial  hyph*  ; 
b',  protruding  basidia  without  sterigmata  ;  b",  with 
rudimentary  sterigmata ;  b'",  with  four  spores.  (After 
WORONIN,  X  620.) 

subterranean  mycelial  strands  are  developed  which  pervade  the  soil  and  infect  the 
roots  of  other  trees.  The  i-hizomorphs  may  also  be  regarded  as  a  form  of  sclerotia. 
Copritius  stercorarhts,  another  Fungus  of  this  same  family  growing  in  cow  and  horse 
dung,  forms  also  small,  round,  black  sclerotia. 

The  Hymenomycetes  are  further  classified  according  to  the  increasing  complexity 
exhibited  in  the  structure  of  their  basidial  fructifications. 

1.  In  a  few  genera  no  distinctive  fructifications  are  formed,  and  the  autobasidia 
s})ring  in  irregular  groups  directly  from  the  mycelium.  Exohasidium  Vaccinii  may 
be  taken  as  a  type  of  this  form.  The  mycelium  of  this  Fungus,  which  is  widely 
spread  in  Europe,  is  parasitic  in  the  Ericaceae,  especially  on  species  of  Vaccinium  ;  it 
causes  hypertrophy  of  the  infected  parts.  The  basidia  are  formed  in  groups  under 
the  epidermis,  which  they  finally  rupture  (Fig.  292).  In  this  genus,  as  in  many 
others,  accessory  fructifications  are  developed,  and  as  spindle-shaped  conidia  are 
abstricted  before  the  formation  of  the  basidia  from  the  mycelium  on  the  surface  of 
the  host-plant. 

2  B 


Fig.  291. — Armillaria  mellea.  Por- 
tion of  a  rhizomorpha  strand  (r) 
with  mature  (a)  and  young  (b) 
fructifications.  (After  Hartig, 
from  V.  Tavel  ;  ^  nat.  size.) 
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2.  In  the  group  of  the  TJiclepliorcae,  distinctive  fructifications  of  a  simple  type 
are  touiul.  They  are  composed  of  closely  interwoven  hypha?,  and  form  on  the 
trunks  of  trees  either  flat,  leathery  incrustations  bearing  the  hynienium  on  their 
smooth  upper  surfaces  ;  or  the  flat  fructifications  become  raised  above  the  substratum 
and  form  bracket-like  projections,  which  frequently  show  an  imbricated  arrangement, 
and  bear  the  hynienium  on  the  under  side  {e.g.  Stereum  hirsiitum,  common  on  the 
stems  of  deciduous  trees). 

3.  The  fructifications  of  the  Clavarieac  are  also  gymnocarpous,  having  the 
hynienium  on  their  upper  surfaces.     They  form  erect  whitish  or  yellow  -  coloured 

bodies,  either  fleshy  and  club  -  shaped  or  more  or  less 
branched,  resembling  coral  {Clavaria,  Fig.  293).  The  larger 
jirofusely  branched  forms  of  this  group  are  highly  esteemed 
for  their  edible  qualities  ;  in  particular,  Clavaria  fiava, 
whose  fleshy,  yellow-coloured  fructifications  are  often  ten 
centimetres  high,  also  Clavaria  coralloidcs  and  Sparassis 
crispa,  which  grows  in  sandy  soil  in  Pine  woods,  liaving 
fructifications  half  a  metre  thick,  with  comj)ressed  leaf-like 
1  (ranches. 

4.  The  Jli/dnrar  have  Iructifications  with  spinous  pro- 
jections over  which  the  hpnenium  extends.  In  the  simpler 
forms  tlie  fructifications  have  the  appearance  of  incrusta- 
Fio.  293.-Clucaria  auran-  ^10"^,  with  spinous  outgrowths  i)rojecting  from  the  upi)er 
tiaca.  (Nat.  size.)  surface  ;  in  other  cases  they  have  a-  stalk  termed  the 
STIPE,  bearing  an  umbrella  -  like  exj\msion,  the  pilki's, 
from  the  under  side  of  which  the  outgi-owths  depend.  The  latter  form  is  exhibited 
by  the  edible  Fungi  Htjilnum  imhricatum,  which  has  a  ]>ilcus  15  cm.  wide,  and 
Hydnutn  rcpandum  (Fig.  294),  with  a  yellowish  flesh-coloured  pileus. 

5.  In  the  Pohjporcac  the  stalked  or  sessile  and  bracket-shaj)ed  fructifications 
are  indented  on  the  under  side  with  pit-like  depressions,  or  deep  winding  i>as.sages, 
or  covered  with  a  layer  of  tubes,  closely  fitted  together  and  lined  by  the  hymenium. 
To  this  family  belongs  the  genus  Boletus,  which  has  a  large,  thick-stalked  pileus, 
covered  on  the  under  side  with  a  layer  of 

narrow  dependent  tubes.    Although  many  ^ 
species  of  this  genus  are  edible  {e.<j.  B.      _  ^ 
lutcus,  B.  cdiilis,  B.  scabcr),  others  are  ^ 
exceedingly  poisonous,  in   ])articular  J!.  ^ 
iiatanas  (Fig   295).    Tliis  latter  Fungu- 
has  a  yellow  to  reddish-purple  stalk,  with 
red  reticulate  markings  above,  while  the 
pileus,  which  may  be  20  cm.  wide,  is  yel- 
lowish-brown on  its  upper  surface,  but  on 
the  under  side  is  at  first  blood-red,  becom- 
ing later  orange -red.    Of  the  numerous 
species  of  the  genus  Poh/ponis,  P.  /omen- 
tarius,  Touch-wood,  is  orticinal  (FuNors 
CHiuuutJOiii'M).    Its  mycelium  is  parasitic 

in  deciduous  trees,  especially  the  Heech.  (Ho<luco«l.) 
and  i>roduccs  large,  bracket  or  hoof-shaj)ed 

perennial  fructifications,  30  cm.  wide  ami  15  cm.  thick.  They  liave  a  haixl,  gray 
external  surface,  but  inside  are  composed  of  softer,  more  loosely  woven  hypha',  and 
were  formerly  used  for  tinder.    The  narrow  tubes  of  the  hjnnenium  are  dispose<i  on 


SECT.  I 


CRYPTOGAMS 


371 


the  under  side  of  the  fructifications  in  successive  annual  layers.  P.  igniarius  (Fig. 
296),  -which  is  often  found  on  Willows,  and  has  a  similar  structure,  has  a  rusty- 
brown  colour,  and  furnishes,  as  it  is  much  harder,  a  poorer  quality  of  tinder. 


I 


Fig.  295. —  Uoletus  Satanas.    (After  Kko.mbholz,     iiat.  size.  Poiso.socs.) 


Many  parasitic  Polyjjoreae  are  highly  injurious  to  the  trees  attacked  by  them  ; 
thus  Heterohasidion  annosum  often  causes  the  death  of  Avliole  forests  of  Pines  and 
Spruce  Firs.  MeruUus  lacrymans  is  an  exceedingly  dangerous  saprophytic  species, 
attacking  and  destroying  the  timber  of  damp  houses.  The  mycelium  of  this  Fungus 
forms  large,  white,  felted  masses,  giving  rise  to  outspread,  irregularly-shaped,  pitted 
fructifications  of  an  ochre  or  rustj^-brown  colour,  and  covered  with  a  hymenial  layer. 
As  remedial  measures,  good  ventilation  should  be  secured,  and  the  wood  soaked  with 
carbolic  acid  or  petroleum. 

6.  The  Agaricineae,  which  include  the  greatest  number  of  species,  have  stalked 
fructifications,  commonly  known  as  Mushrooms  and  Toadstools.  The  under  side  of 
the  pileus  bears  a  number  of 
radially  disposed  lamellai  or 
gills  which  are  covered  Avith 
the  basidia-producing  hymen- 
ium.  In  the  early  stages  of 
their  formation  the  fructifica- 
tions consist  of  nearly  spherical 
masses  of  interwoven  hyphfe, 
in  which  the  stalk  and  pileus 
soon  become  diff'erentiated. 
The  rudiments  of  the  stalk 
and  pileus  are  at  first  enclosed 
in  a  loosely  woven  envelope, 
the  voLVA.  In  the  course  of 
the  further  development  and  elongation  of  the  stalk  the  volva  is  ruptured,  and  its 
torn  remnants  form  a  ring  or  sheath  at  the  base  of  the  stalk,  but  in  many  cases 
its  development  remains  rudimentary.     The  fructifications  are  accordingly  henii- 


FiG.  290. — I'olyporua  iyniurius.  Section  tliiough  au  old  fruc- 
tification, showing  annual  zones  of  growth  ;  a,  point  of 
attachment,       nat.  size.) 
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angiocarpous,  and  enclosed  during  their  early  stages.  In  the  "Fly  Mushroom," 
Amanita  muscaria,  the  volva  is  well  developed,  and  after  its  rupture  it  is  still  trace- 
able in  the  Avhite  scales  conspicuous 
on  the  red  surface  of  the  pileus,  and 
also  on  the  swollen  base  of  the  stalk 
(Fig.  297). 

In  addition  to  the  volva  many 
Agaricincae    develop    a  so-called 
i     i  VELUM,  consisting  of  a  thin  mem- 

^  brane  of  hyphal  tissue  which  extends 

^^flHHHHB|[^^^  in  young  fructifications  from  the 

^^^^^pmigP^B^^^^^^        stalk  to  the  margin  of  the  pileus, 
^^^ESr~  ^^^BBOk      ^^^^  encloses  the  hymenial  lamella?. 

^^^^/K  ^m^^^M     "^^^^^  covering  is  afterwards  ruptured, 

^^^^JR  ^^^^^     and  remains  as  a  pendulous  ring  of 

tissue  or  annulus  ixferus  encirc- 
ling the  stalk.  This  ring  is  very 
perceptible  on  the  stalks  of  Armil- 
laria  mcllca  (Fig.  291)  and  the 
cultivated  mushroom  or  champignon 
Psalliota  campestris  (Fig.  298). 

In  the  majority  of  Agaricincae 
the  lamell?e  are  developed  as  free 
outgrowths  from  the  under  side  of 
the  pileus.  In  the  case  of  Amanita 
mnscaria  the  manner  of  their  de- 
velopment is  different,  and  they  arise 
by  the  differentiation  of  a  homo- 
geneous hyphal  tissue  in  the  interior 
of  the  dome-shaped  rudiment  of  the  pileus  resulting  in  the  separation  of  the  hypha; 
into  radial  plates.  The  lamellne  thus  formed  are  merged  at  the  margin  of  the  rudi- 
mentary pileus  into  a  neutral  layer  of  united 
hyphse  connected  with  the  stalk.  As  the 
pileus  expands,  this  layer  becomes  loosened 
from  the  lamellne  and  remains  hanging  to  the 
stalk  as  an  upper  ring,  axnulus  superus  (Fig. 
297). 

Many  of  the  Mushrooms  found  growing  in 
the  woods  and  fields  are  highly  esteemed  as 
articles  of  food.  Of  edible  species  the  follow- 
ing may  be  named  :  the  common  Field-Mush- 
room, now  extensively  cultivated,  Psalliota 
campestris  (Fig.  298),  with  whitish  pileus  and 
lamellse  at  first  white,  then  turning  flesh - 
colour,  and  finally  becoming  chocolate -coloured  ; 
Cantharcllus  ciharius,  having  an  orange-coloured 
pileus  ;  Lactarius  dcliciosus,  which  has  a  red- 
dish-yellow pileus,  and  contains  a  similarly 
coloured  milky  juice  in  special  h3'phal  tubes  ; 
Lepiota  proccra,  whose  white  pileus  is  flecked  with  brown  scales  ;  Amanita 
caesarca,  in  the  south  of  Europe,  related  to  the   poisonous   species  Amanita 


Fia.  297. —Amanituriuiscarla.  (^nat.  size.  Poiso.Yors.) 


Fig.  29S.— Psalliota  campestris  (  =  Agitricus 
annprstris).  To  the  right,  a  young  fruc- 
titication.  (Reduced.) 
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muscaria,  but  having  only  a  few  large  patches  of  the  volva  remaining  attached  to 
its  red  pileus. 

Of  the  poisonous  Agaricineac  the  following  are  best  known  :  Amanita  muscaria 
(Fig.  297);  Amanita  panther ina,  which  has  a  brown-coloured  pileus  studded  with 
white  protuberances  ;  Russvla  emetica,  with  a  red  pileus  and  white  lamellae  ;  Lac- 
tarius  torminosus,  having  a  shaggy  yellow  or  reddish-brown  pileus  and  white  milky 
juice. 

Rozites  gongylo'pliora,  found  in  South  Brazil,  is  of  especial  biological  interest. 
According  to  A.  Mollee,  this  species  is  regularly  cultivated  in  the  nests  of  the  leaf- 
cutting  ants.  Its  mycelium  produces  spherical  swellings  at  the  ends  of  the  hyphte, 
which  become  filled  with  protoplasm,  the  so-called  Kohl-rabi  beads,  and  serve  the 
ants  as  food  material.  The  ants  prevent  the  development  of  the  accessory  conidial 
fructifications  peculiar  to  this  Fungus,  and  thus  continually  maintain  the  mycelium 
in  their  nests  in  its  vegetative  condition.  The  fructifications,  which  rarely  occur 
on  the  nests,  resemble  those  oi  Ama- 
nita muscaria,  with  whicli  Rozites  is 
nearly  allied. 

Officinal.  —  PoJyporus  fomea- 
tarius  (Fungus  chirurgorum),  the 
only  officinal  species  of  the  Hymcno- 
mycctes. 

Order  6.  Gasteromycetes 

The  Gasteromycetes  are  distin- 
guished from  the  JSymenomycetes  by 
their  angiocarpous  or  enclosed  fructi- 
fications, which  open  only  after  the 
spores  are  ripe,  by  the  rupture  of  the 
outer  h}^hal  cortex  or  peridium. 
The  spores  are  formed  within  the 
fructifications  in  an  inner  mass  of 
tissue  termed  the  gleba  ;  it  contains 
numerous  chambers,  which  are  either 
filled  with  loosely  interwoven  hyphie 
with  lateral  branches  terminating  in 
basidia,  or  whose  Avails,  designated 
the  trama,  are  lined  witli  a  basidial 
hymenium. 

The  Gasteromycetes  are  sapro- 
phytes, and  develop  their  mycelium 
in  the  humus  soil  of  woods  and 
meadows.  Their  fructifications,  like 
those  of  the  Hymenomycetes,  are  raised 
above  the  surface  of  the  substratum, 
■xcept  in  the  group  of  the  Hymeno- 
ijastrcae,  wliich  possess  subterranean, 
tuberous  fructifications  resembling 
those  of  the  Tuheraceac. 

The  fructifications  of  the  diff'erent  genera  exhibit  great  diversity  in  their  struc- 
ture and  mode  of  formation. 

The  fructifications  of  Scleroderma  vulgare  (Fig.  299)  have  a  comparatively  simple 

2  C 


Fig.  •2'^9. —Scleroderma  vulgare.  1,  A  young  fructi- 
fication in  longitudinal  section,  showing  the 
chambers  ;  2,  portion  of  the  interwoven  hypha^ 
Avith  basidia,  which  fill  the  chambers.  (After 
TuLASNE,  from  v.  Tavel.) 


374 


BOTANY 


PAKT  II 


Fig,  300.  —  Grucibulum  vul- 
gare.  Longitudinal  section 
of  a  closed  fructification, 
(x  circa  3,  from  v.  Tavel's 
Fungi.) 


structure.  They  are  nearly  spherical,  usually  about  5  cm.  thick,  and  have  a  thick, 
light  brown,  leathery  peridium  which  finally  becomes  cracked  and  ruptured  at  the 
aj)ex.  The  gleba  is  black  when  ripe,  and  contains 
numerous  chambers  filled  with  interwoven  hyphfe  which 
produce  lateral,  pear-shaped  basidia  with  four  sessile 
spores  (Fig.  299,  2).  This  species,  which  is  considered 
poisonous,  is  sometimes  mis- 
taken for  one  of  the  Truffle 
Fungi. 

The  genera  Bovista  and 
Zycopcrdo7i  (Puff-balls)  have 
also  spherical  fructifications, 
which  are  at  first  white,  and 
later  of  a  brown  colour.  In 
the  last-named  genus  they  are 
also  stalked,  and  in  the  case 
of  Lycoperdo/i  Bovista  may  even  become  half  a  metre  in 
diameter.  The  peridium  is  formed  of  two  layers  ;  the 
outer  disappears  at  maturity,  while  the  inner  dehisces  at 
the  summit.  The  hymenial  layer  of  basidia,  in  the  Fungi 
of  this  group,  line  the  chambers  of  the  gleba.  The 
chambers  are  also  provided  with  a  fibrous  capillitium  con- 
sisting of  brown,  thick- Availed,  branched  hyi^hte  which 
spring  from  the  walls,  and  in  ripe  fructifications  fill  the 
Avhole  internal  cavity  with  a  brown,  fibrous,  felted  mass 
containing  the  spores.  The  fibres  correspond  biologically 
to  the  capillitia  of  Myxomycetes,  although  difl'erent  mor- 
phologically. The  fructifications  are  edible  while  still 
young  and  white,  and  have  an  agi-eeable  taste,  but  when 
ripe  they  are  dry,  and  were  formerly  used  for  stopping 
the  flow  of  blood. 

In  the  related  genus  Geaster  (Earth -star)  the  peridia 
of  the  nearly  spherical  fructifications  are  also  composed  of 
two  envelopes.  When  the  dry  fruit  dehisces,  the  outer 
envelope  splits  into  several  stellate  segments  and  the 
inner  layer  of  the  peridium  becomes  perforated  by  an 
apical  opening. 

The  fructifications  of  Crucibulum  and  of  other  related 
genera  have  an  altogether  different  structure.  They 
develop  on  rotten  wood  or  on  the  ground  as  small  white 
or  brown,  cup -shaped  bodies  (Fig,  300),  containing  a 
number  of  stalked  or  sessile,  thick-walled  peridiola.  The 
peridiola  are  produced  by  the  differentiation  of  the  internal 
tissue  of  the  gle1)a,  unused  portions  of  which  become  dis- 
solved. They  are  lenticular  in  shape,  and  enclose  an 
inner  cavity  lined  with  the  hymenium.  The  fructifica- 
tions are  at  first  closed  ;  when  ruptured,  the  peridium 
forms  a  crucible- shaped  receptacle  containing  the  peridiola. 
The  highest  development  of  the  fructifications  is 
exhibited  by  the  Phalloideae,  of  which  B/ia/liis  impudicns 

(Stink-horn)  is  a  well-known  example.   This  Funguses  usually  regarded  as  poisonous 


Fio.  Z0\.— Phallus  impudicus. 
(After  Krombholz,  i  nat. 
size.) 
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but  no  i:)oisonoiis  effects  have  been  proved.  It  was  formerly  employed  in  a  salve 
as  a  remedy  for  gout.  Its  fructification  recalls  that  of  the  Discomycetous  Mor- 
chella,  but  it  has  quite  a  different  manner  of  development.  A  fructification  of 
this  species  of  Phallus  is  about  15  cm.  high.  It  has  a  thick,  hollow  stalk  of  a 
white  colour  and  is  perforated  with  pores  or  chambers.  Surmounting  the  stalk  is 
a  bell -shaped  pileus  covered  Avith  a  brownish  -  green  gleba  which,  when  ripe,  is 
converted  into  a  slimy  mass  (Fig.  301).  When  young  the  fructification  forms 
a  white,  egg-shaj)ed  body,  and  is  wholly  enveloped  by  a  double  -  walled  peridium 
with  an  intermedial  gelatinous  layer.  "Within  the  peridium  (also  termed 
volva)  the  hyphal  tissue  becomes  differentiated  into  the  axial  stalk  and  the  bell- 
shaped  pileus,  carrying  the  gleba  in  the  form  of  a  mass  of  hyphal  tissue,  which 
contains  the  chambers  and  basidial  hymenium.  At  maturity  the  stalk  becomes 
enormously  elongated,  and  pushing  through  the  ruptured  peridium  raises  the  pileus 
with  the  adhering  gleba  high  above  it.  The  gleba  then  deliquesces  into  a  dropping, 
slimy  mass,  which  emits  a  carrion-like  stench  serving  to  attract  flies,  by  whose 
agency  the  spores  embedded  in  it  are  disseminated. 


Class  XI 
Lichenes  (Lichens) 

The  Lichens  are  symbiotic  organisms  (p.  213) ;  they  consist  of  higher 
Fungi,  chiefly  the  Ascomycetes,  more  rarely  Basidiomycetes,  and  uni- 
cellular or  filamentous  Algae,  Schizophyceae  or  Chlorophyceae,  living  in 
intimate  connection,  and  together  forming  a  compound  thallus  or 
CONSORTIUM.  Strictly  speaking,  both  Fungi  and  Algae  should  be 
classified  in  their  respective  orders ;  but  the  Lichens  exhibit  among 
themselves  such  an  agreement  in  their  structure  and  mode  of  life,  that 
it  is  more  convenient  to  treat  them  as  a  separate  class. 

In  the  formation  of  the  thallus  the  algal  cells  become  enveloped 
by  the  mycelium  of  the  Fungi  in  a  felted  tissue  of  hyphse  (Fig. 
302).  The  Fungus  derives  its  nourishment  saprophytically  from  the 
organic  matter  produced  by  the  assimilating  Alga,  without  at  the 
same  time  behaving  as  a  parasite  and  injuriously  interfering  with 
its  vegetative  activity.  The  Alga,  on  the  contrary,  derives  a  definite 
advantage  from  its  consortism  with  the  Fungus,  receiving  from  it 
inorganic  substances  and  water.  From  the  symbiosis  entered  into  by 
a  Lichen  Fungus  with  an  Alga,  a  dual  organism  results  with  a  distinct- 
ive thallus,  of  which  the  form,  Avhich  is  influenced  by  the  mode  of 
nutrition  of  the  independentl}^  assimilating  Alga,  difl'ers  greatly  from 
that  of  other  non-symbiotic  Hyphomycetes  with  thalli  consisting  solely 
of  profusely  branched  hyphae. 

In  their  adaptation  to  the  requirements  of  the  two  constituent 
members,  the  thalli  of  the  Lichens  exhibit  a  variety  of  forms  which, 
although  sometimes  made  use  of  as  a  means  of  classification,  are  of  no 
value  in  indicating  natural  relationships. 
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The  simplest  Lichens  are  the  filamentous,  with  a  filiform 
branched  thallus  consisting  of  algal  filaments  interwoven  with  Fungus 
hyph^e.  An  example  of  such  a  filamentous  form  is  presented  by 
Ephehe  puhescens.  This  Lichen  is  found  growing  on  damp  rocks  in 
short,  delicately  branched  tufts,  and  consists  of  thick,  multicellular 
filaments  of  the  blue-green  Alga  Sirosijjhon,  whose  gelatinous  cell  walls 
are  pervaded  by  the  hyphie  of  a  Pyrenomycetous  Fungus. 


Fio.  :>02.—Xanthoria  jiarietiiia.  1,  Geniiiiiating  aseospore  with  branching  germ-tube  applieil 
to  the  Cii>>t(K-occus  cells  («);  "2,  thallus  in  process  of  formation,  sp,  two  ascospores  ;  jp, 
CysttH-occus  cells.  By  the  fusion  of  the  hyph;i'  in  the  mitldle  of  the  mycelium,  a  i»seudo-i»ar*n- 
chymatous,  cortical  layer  has  begun  to  form.    (After  Bonnier,  from  v.  Tavei.,  x500.) 


Another  group  is  formed  by  the  gelatinous  Lichens,  whose 
thallus,  usually  foliaceous,  is  of  a  gelatinous  nature  (c./j.  Colleina). 
The  Algae  inhabiting  the  thalli  of  the  gelatinous  Lichens  l^elong  to 
the  families  of  the  Chrovcoccaceae  and  Xo^tocaceae.  As  is  characteristic 
of  the  Nostocs,  their  cell  walls  are  swollen,  forming  a  gelatinous  mass 
traversed  by  the  hypha'  of  the  fungus.  The  genus  CoUeina  is  an 
exam])le  of  this  group. 

Li  both  the  filamentous  and  gelatinous  Lichens  the  Alcrae  and 
Fungus  hypha?  are  uniformly  distributed  through  the  thallus,  which 
is  then  said  to  be  unstratified  or  homoiomerous.    The  form  of  the 


SECT.  I 


CRYPTOGAMS 


377 


thallus  of  the  homoiomerous  Lichens,  particularly  of  the  filamentous 
forms,  is  determined  by  the  Algae. 

In  other  cases  the  Lichens  have  stratified  or  heteromerous  thalli ; 
their  form  is  then  determined  essentially  by  the  Fungus.  The  en- 
closed Algae  are  usually  termed  gonidia.  They  are  arranged  in  a 
definite  gonidial  layer  covered,  externally,  by  a  cortical  layer, 
devoid  of  algal  cells  and  consisting  of  a  pseudo-parenchyma  of  closely- 
woven  hyphse.  It  is  customary  to  distinguish  the  three  following 
forms  of  heteromerous  Lichens. 

1.  Crustaceous  Lichens,  in  which  the  thallus  has  the  form  of 
an  incrustation  adhering  closely  to  a  substratum  of  rocks  or  to  the 
soil,  which  the  hyphse  to  a  certain  extent  penetrate. 

2.  Foliaceous  Lichens  (Fig.  303),  whose  flattened,  leaf-like  lobed 
or  deeply-cleft  thallus  is  attached  more  loosely 
to  the  substratum  by  means  of  rhizoid  hyphse, 
springing  either  from  the  middle  only  or  irregu- 
larly from  the  whole  under  surface. 

3.  Fruticose  Lichens  (Fig.  30-i),  with  a 
filamentous  or  band-like  thallus  branched  in  a 
shrub-like  manner  and  attached  only  at  the 
base.  They  are  either  erect  or  pendulous,  or 
may  sometimes  lie  on  the  surface  of  the  sub- 

FiG.  303. — Xnntlioria  parietina 

Stratum.  ^  pj^^^     ^^^.^^^  ^^^^^ 

The  manner  in  which  the  Fungus  unites  size.) 
with  the  Alga  may  be  seen  from  the  adjoining 

figure  (Fig.  302)  showing  the  mode  of  formation  of  the  orange-yellow 
thallus  oi  Xanthoria  parietina,  a  foliaceous  Lichen  frequently  occurring 
on  tree-trunks  and  walls.  The  branching  germ-tube  produced  by  the 
germinating  ascospore  (Fig.  302,  1,  s/?)  of  a  Fungus  belonging  to  the 
order  Discomycetes  has  already  formed  an  intimate  union  with  two 
algal  cells  of  the  Protococcoideous  genus  Cystococcus,  which  furnishes 
the  gonidia  of  this  Lichen.  By  the  repeated  branching  of  the  hyphse 
they  entwine  more  completelj^  round  the  group  of  Cystococcus  cells  and 
form  the  thalloid  rudiment  (Fig.  302,  2),  from  whose  continued  growth, 
accompanied  by  the  division  of  the  algal  cells,  the  closely-woven  hyphal 
tissue  of  the  thallus  of  the  mature  Lichen  is  produced. 

In  their  natural  condition  the  germinating  spores  of  the  Lichen 
Fungi  appear  to  be  capable  of  continuing  their  further  development 
only  when  they  are  enabled  to  enter  into  symbiosis  with  the  proper 
gonidia.  For  a  few  genera  of  Lichens,  however,  it  has  been  determined 
that  the  Fungi  sometimes  exist  in  nature  without  the  presence  of  the 
Algae ;  it  has  been  shown  tlmt  the  tropical  Lichen,  Cora  }javonia, 
whose  Fungus  belongs  to  the  order  Hymenomycetes,  may  produce 
fructifications  even  Avhen  deprived  of  its  Alga,  which  have  a  form 
resembling  those  of  the  Fungus  genus  Thelepliora.  Small  thalli  have 
also  been  successfully  grown  from  the  spores  of  certain  Lichen-forming 
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Ascomycetes,  cultivated  without  Algae  and  supplied  with  a  proper 
nutrient  solution. 

In  the  formation  of  a  fully -developed  Lichen  from  the  rudimentary 
thallus  (Fig.  302,  2)  the  hyphal  tissue  usually  becomes  differentiated 
into  a  thick  cortical  layer  of  pseudo-parenchyma  and  into  a  more 
loosely  woven  medullary  layer,  with  the  zone  of  gonidia  entwined  by 
hyphie  betM'een  the  two.  These  different  zones  are  most  plainly 
seen  in  the  fruticose  Lichens,  among  which  the  Beard  Lichen,  Usnea 
harhata  (Fig.  304),  has  developed  in  the  medulla  a  mechanical  system 
consisting  of  a  firm  hyphal  strand.  Both  the  upper  and  under  surfaces 
of  the  foliaceous  Lichens  are  usually  covered  with  a  cortical  layer. 
The  medullary  layer  lies  in  the  middle,  between  the  two  cortical 
laj^ers,  while  the  gonidia  form  a  layer  between  the  upper  cortex  and 
medulla.  A  cortical  layer  is  present  only  on  the  upper  side  of  most 
foliaceous  and  crustaceous  Lichens,  or  if  present  also  on  the  under 
side,  it  is  developed  merely  on  the  margins ;  the  medullary  layer  then 
lies  directly  upon  the  substratum.  The  thalli  of  the  Lichens  are 
attached  to  the  substratum  by  rhizoid  hold-fasts,  rhizines,  which 
consist  of  hyphie  resembling  root-hairs. 

Many  Lichens  are  able  to  multiply  in  a  purely  vegetative  manner, 
by  means  of  loosened  pieces  of  the  thallus,  which  continue  their  growth 
and  attach  themselves  to  the  substratum  with  new  rhizines.  The 
majority  of  the  heteromerous  Lichens  possess  in  the  gonidial  layer 
another  means  of  vegetative  multiplication  by  forming  SOREDIA. 
In  this  process,  small  groups  of  dividing  gonidia  become  closely 
entwined  with  mycelial  hypha^,  and  form  small  isolated  bodies  which, 
on  the  rupture  of  the  thallus,  are  scattered  in  great  numbers  by  the 
wind  and  give  rise  to  new  Lichens. 

The  fructifications  of  the  Lichens  are  produced  by  the  consorting 
Fungi,  not  by  the  vegetating  Algae.  The  Fungi  belong  chiefly  to  the 
Discoinycetcs ;  a  few  genera  to  the  Pjircnomycetes ;  and  only  a  single 
genus  to  the  Hymenomycdes.  In  conformity  with  the  nature  of  their 
constituent  Fungi,  the  first  two  grou})s  are  classified  as  AscolicheneSj 
the  third  as  HymenoUchencs. 

1.  Ascolichenes 

[a)  The  Discolichcncs  or  Lichencs  ijijiniiocarpi  produce,  as  the  ascus-iVuit  of 
their  Fungus,  chiefly  cupular  or  discoid  apothecia,  sessile  or  somewhat  depressed  on 
the  thallus.  In  structure  they  resemble  those  of  the  Pczizeae  (Fig.  282),  and  bear 
on  their  upper  side  an  hymenium  of  asci  and  paraphyses.  One  of  tlie  commonest 
species  of  fruticose  Lichens  belonging  to  this  group  is  Usnca  harhata,  the  Beard 
Lichen,  frequently  occurring  on  trees  and  having  large,  fringed  apothecia  (Fig. 
304).  RocccUa  tincforia,  another  member  of  the  Discolichcues,  found  widely 
distributed  on  the  rocks  of  the  African  coast  and  East  Indies,  has  an  erect,  vermiform, 
forked  thallus  from  which  litmus  and  orchil  (orseille)  are  obtained.  Cctraria 
islandica,  Iceland  Moss  (Fig.  305),  occupies  an  intermediate  position  between  the 
fruticose  and  foliaceous  Lichens.    It  has  a  divided,  foliaceous  but  partially  erect 
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thallus,  which  is  of  a  light  bluish  green  or  brown  colour,  whitish  on  the  under  side, 
and  bears  the  apothecia  obliquely  on  its  margin.  This  Lichen  is  found  in 
mountainous  regions  in  the  northern  part  of  the  Northern  Hemisphere,  and  also  at 
Cape  Horn  ;  it  has  an  officinal  value  as  a  demulcent.  Xanthoria  parietina 
(Fig.  303)  may  be  taken  as  an  example  of  one  of  the  commonest  of  the  foliaceous 
Lichens.  The  thallus  is  orange-yellow  in  colour,  and  bears  numerous  apothecia  on 
its  central  portions.    Gmphis  scripta  may  be  cited  as  a  well-known  example  of  the 


.3 


Fig.  304. — Tsnea  harbata.    o,p,  Apothecium. 
(Xat.  size.) 


Fig.  305. — Cetraria  islandica.    ap,  Apothecium. 
(Nat.  size.  Officixal.) 


crustaceous  Lichens  ;  its  grayish  white  thallus  occurs  on  the  bark  of  trees,  par- 
ticularly of  the  Beech,  on  whose  surface  the  apothecia  are  disposed  as  narrow,  black 
furrows  resembling  writing.  To  the  crustaceous  Lichens  belongs  also  Sphaero- 
thallia  eseulenta,  growing  on  rocks  in  the  steppes  and  deserts  of  Xortli  Africa  and 
Asia.  The  thallus  falls  into  small  pieces  the  size  of  a  pea  ;  scattered  by  the  wind 
they  are  utilised  by  the  Tartars  in  the  preparation  of  earth-bread.  The  North 
European  crustaceous  Lichen  Ochrolechia  tartarea  affords,  like  Roccella,  litmus  and 
red  indigo. 

A  peculiar  mode  of  development  is  exhibited  by  the  genus  Cladonia,  whose 
primary  thallus  consists  of  small  horizontal  scales 
attached  directly  to  the  ground,  from  which  rises  an 
erect  portion,  the  podetium,  of  varying  form  and  struc- 
ture in  the  different  species.  In  some  cases  the  podetia 
are  stalked  and  funnel-shaped,  bearing  on  the  margin 
or  on  outgrowths  from  it  knob -like  apothecia,  which 
in  C.  pyxidata  are  brown,  in  C.  coccifera  (Fig.  306) 
bright  red.  In  other  species  the  erect  podetia  are 
slender  and  cylindrical,  simple  or  forked  ;  in  C.  ranyi- 
ferina,  Reindeer  Moss,  which  has  a  Avorld-wide  distri- 
bution, particularly  in  the  tundras  of  the  North,  the 
podetia  are  finely  branched  (Fig.  307),  and  bear  the 
small  brown  apothecia  at  the  ends  of  the  branches. 

Frequently  the  podetia  of  this  species  and  often  also  of  the  others  remain  sterile 


Fig.  306. — CloAonia  coccifera. 
t,  Scales  of  primary  thallus. 
(Xat.  size.) 
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and  the  ascogenous  hyphae,  although  ditferentiated  in  the  interior,  do  not  succeed 
in  producing  asci. 

In  addition  to  the  ascogenous  fructifications,  the  Disconiycetous  Lichens 
produce  accessory  fructifications  in  the  form  of  I'Ycnidia,  which  abstrict  and 
eject  small  conidia.  Fig.  308  shows  such  a  pyenidium  of  the  common  foliaceous 
Lichen  Anapfifcltta  ciliaris.     The  pycnidia  arise  on  the  surface  of  the  thallus 


Fig.  307  — Cladonia  rangiferina.  A,  Sterile  ;      Fig.  30S.— Section  through  a  pyciiidiuiii  (.<j.)  in  the 
B,  with  ascus-fruit  at  the  ends  of  the  thallus  of  Anai'tychH'  cUinris ;  r,  cortical  layer; 

branches.    (Nat.  size.)  v/i,  medullary  layer  ;<;,  gonitlial  layer.  (x90.) 


(Fig.  308),  or,  as  in  Cdraria  islandicd,  they  may  be  jtroduced  on  the  margin  in 
small  wart-like  protuberances.  In  the  Cladonias  they  occur  on  the  same  fructifica- 
tions as  the  ascogenous  liymenium  or  on  others  similar  to  them.  The  pycnosjwes 
were  formerly  caHed  sperniatia,  and  erroneously  regarded  as  male  sexual  cells  ;  tlie 
pycnidia  were  then  termed  spermogonia. 

{b)  TJie  Pi/rcnolichencs  or  Lichcncs  angiocarpi  have  flask -shaped  ]>erithecia, 
similar  to  those  of  the  Pyrcnomycctcs,  and  also  develop  pycnidia.  To  this  group 
belong  only  a  few,  for  the  most  i>art  crustaceous  Lichens  {e.g.  the  Verrucarias,  the 
foliaceous  genus  Eudvcarpon,  etc.). 

2.  Hymenolichenes 

TXiQ  Hijincnolichencs  are  represented  only  by  the  tropical  Cora  pa  von  ia,  of  wliidi 
the  genera  Didiionenm  and  Laudatca  are  only  sjiecially  ditferentiated  forms.  The 
Fungus  of  tliis  Lichen  belongs  to  tlie  family  Thclcphorcae  (p.  370)  ;  its  flat,  lobed, 
and  often  imbricated  fructifications  are  also  found  entirely  devoid  of  Algae.  In 
symbiosis  with  the  unicellular  Alga  Chroococcus.  it  forms  the  fructifications  of 
Cora  pavonia  (Fig.  309).  resembling  those  of  the  Thelephoras  with  a  channelled, 
basidial  hymenium  on  tlie  under  side.  Associated  symbiotically,  on  the  other 
hand,  with  tilaments  of  the  blue-green  Alga  .SVy/oHCz/Jo,  if  the  Fungus  pre|>onderates, 
it  inoduces  the  bracket -like  Lichens  of  the  Dictyonema  form,  found  jirojecting 
from  the  limbs  of  trees  with  a  semicircular  or  nearly  sj)lierical  thallus  comiwsed 
of  radiating  hyphal  threads,  and  having  the  hymenium  on  the  under  side.  When 
the  sha])e  of  the  thallus  is  determined  by  the  Alga,  a  Lichen  of  the  Laudatca  form 
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occurs  as  felted  patches  of  fine  filaments 
on  the  parts  of  the  thallus  which  are 
turned  away  from  the  light. 

The  Lichens  are  everywhere  widely 
distributed,  growing  on  the  gi-ound,  on 
rocks,  and  on  tree -trunks.  They  occur 
in  localities  unfavourable  for  every 
other  kind  of  vegetation,  and  can 
endure  the  greatest  heat  or  cold  or 
prolonged  drought  without  injury.  On 
the  recurrence  of  sufficient  moisture 
and  the  proper  temperature,  their  vital 
activity  asserts  itself  anew  ;  they  are 
thus  enabled  to  inhabit  even  the  peaks 
of  the  highest  mountains.  In  conjunc- 
tion with  the  Mosses,  they  characterise 
by  their  abundant  development  the 
vegetation  of  the  polar  regions,  particu- 
larly that  of  the  so-called  tundras,  the 
cldef  vegetation  of  which  is  represented 
by  Cladonia  rang-iferiaa. 

Officinal. — The  only  representati 

XlCHEX  ISLAN'DICUS). 


on  the  bark  of  trees,  with  the  hjrmenium 


Fig.  309. — Com  pavonia.    A,  Viewed  from  above; 
B,  from  below  ;  hym,  hymenium.   (Xat.  size.) 


of  tlie  Lichens  is  Cetraria  island ica 


11.  BRYOPHYTA  (MOSSES) 

The  Bri/ophyta  or  Muscineae  comprise  two  classes,  the  Hepaticae 

or  Liverworts,  and  the 
Musci  or  Mosses.  They 
are  distinsjuished  from 
the  Thallophyta  by  the 
characteristic  structure 
of  their  sexual  organs, 

AXTHERIDIA  and  ARCHE- 

GOXIA,  which  are  simi- 
lar to  those  of  the 
Pteridophiita,  the  most 
highly  developed  of  the 
Cryptogams.  The  Briio- 
phyta  and  Pteridophyta 
are  accordingly  regarded 

YiG.ZlO.—Marchantiapolymorpho.    .4,  Nearly  ripe  antlieridium   jj^g  liaviu""  been  derived 
in  optical  section  ;  p,  paraphvses.    B,  Spenuatozoids  fixed    r  ° 

with  1  per  cent  perosmic  acid."  (.4  x  90,  £  x  600.)  fr^m  a  commou  ancestor, 

and,  in  contrast  to  the 
Th(dIoj)hyta,  they  are  referred  to  collectively  as  Archegoniatae. 

The  AXTHERIDIA  or  male  sexual  organs  are  stalked,  ellipsoidal, 
spherical,  or  club-shaped,  with  thin  walls  formed  of  one  layer  of  cells 
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and  enclosing  numerous  small  cells,  each  one  of  which  is  the  mother- 
cell  of  a  spermatozoid  (Fig.  310).  At  maturity  the  spermatozoid 
mother- cells  separate  and  are  ejected  from  the  antheridium,  which 
ruptures  at  the  apex.  By  the  eventual  dissolution  of  the  enveloping 
walls  of  the  mother-cells  the  spermatozoids  are  set  free  as  short, 
slightly  twisted  filaments,  terminating  anteriorly  in  two  long  cilia. 

Spermatozoids  of  similar 
form  are  found  among 
the  Thallophytes  only 
in  the  group  of  the 
CJiamcem.  The  arche- 
GONIA  are  Hask- shaped 
bodies  with  walls  I'ormed 
of  but  one  layer  of 
cells  ;  the}'  are  sessile  or 
shortly  stalked,  some- 
times also  somewhat 
sunk  in  the  tissue,  and 
consist  of  a  dilated  ven- 
tral portion  and  a  long, 
slender  neck.  The  ven- 
tral j)ortion  encloses  a 
large  central  cell,  the 
contents  of  which  shortly 
before  maturity  divide 
into  the  egg -cell  (Fig. 
311,  it)  and  into  an 
overlying  ventral  canal- 
cell  (/.").  The  latter  is 
situated  at  the  base  of 
the  neck,  just  below  a 
central  row  of  neck- 
canal-cells  {k').  On  the 
maturity  of  the  arche- 
ventnil  and  neck -canal -cells  become  nuicilaginous  and 
disorganised.  If  water  is  ]»re.seiit,  the  cells  at  the  apex  of  the  neck 
separate  {B)  and  the  nuicilaginous  matter  is  discharged,  and  exerts 
through  the  diffusion  of  certain  of  its  constituents  in  the  water  (cane- 
sugar  in  the  case  of  Mosses)  an  attractive  stimulus  on  the  sperma- 
tozoids. The  spermatozoids,  thus  directed  toward  the  neck  of  the 
archegonium,  traverse  it  as  far  as  the  egg,  into  which  one  spermatozoid 
]»eiietrates.  Tlie  water  necessary  for  the  process  of  fertilisation  is 
sulliciently  sui)j)lied  by  rain  or  dew.  After  fertilisation  has  ])een 
accomplished,  the  egg-cell  divides  and  gives  rise  directly  to  an  embryo 
(c),  without  first,  as  is  usually  the  case  in  the  oogamous  ThallophyUi^ 
undergoing  a  period  of  rest. 


Fig.  ZW.—Marchantia  poh/morpha.  A,  Young,  B,  mature  arche- 
goniuiu ;  C,  fertilised  archejjoniuui,  with  ilividiny  egg-cell ; 
k',  neck-canal-cell ;  7/',  ventral  canal-cell ;  o,  egg-cell ;  pr, 
pseudo-perianth,    (x  r.40.) 
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The  Mosses  as  well  as  the  Pteridophytes  multiply  also  asexually 
by  means  of  walled  spores  adapted  for  dissemination  through  the  air. 
These  two  modes  of  reproduction,  sexual  and  asexual,  occur  in 
regular  alternation,  and  are  confined  each  to  a  sharply  distinct 
generation ;  a  sexual,  provided  with  sexual  organs,  and  an  asexual, 
which  produces  spores.  The  sexual  generation  arises  from  the  spore  ; 
the  asexual  from  the  fertilised  egg.  This  alternation  of  genera- 
tions is  characteristic  of  all  Archegoniatae. 

In  the  development  of  the  sexual  generation,  the  unicellular  spore 


Fig.  312. — Funaria  hygrometrica.    A,  Germinating  spore  ;  ex,  exine  ;  B,  protonema  ;  lai,  buds ; 
r,  rhizoids  ;  s,  spore.    (After  MCller-Thurgau  ;  magnified.) 

on  germinating  ruptures  its  outer  coat  or  exine,  and  gives  rise  to  a 
germ-tube.  In  the  case  of  the  Hepaticae,  the  formation  of  the  plant 
at  once  commences,  but  in  most  of  the  Musci  a  protonema  is 
first  produced,  which  resembles  in  structure  the  filaments  of  Confer- 
void  Algae,  and  is  composed  of  cells  containing  chlorophyll  (Fig. 
312,  A,  B).  The  green,  filamentous  protonema  gives  rise  to  branched, 
colourless  rhizoids  (r),  which  penetrate  the  substratum.  The  Moss- 
plants  arise  from  buds  developed  on  the  protonema  at  the  base 
of  the  branches.  Protonema  and  Moss -plant  together  represent  the 
sexual  generation.  Many  Liverworts  possess  a  thallus  consisting  of 
dichotomously  branching  lobes,  which  is  attached  to  the  substratum 
at  its  base  or  on  the  under  side  by  means  of  rhizoids,  thus  repeat- 
ing the  vegetative  structure  of  many  Algae  (c/.  Fig.  8  with  Fig.  9, 
p.  13).  In  other  Hepaticae,  on  the  other  hand,  and  in  all  the  Musci, 
there  exists  a  distinct  differentiation  into  stem  and  leaves  (Fig.  323). 
In  no  instance,  however,  are  true  roots  formed  or  a  tissue  of  cells 
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developed,  but  in  their  stead  rhizoids,  consisting  of  colourless  branching 
filaments.  The  P>rvophytes,  in  this  ivspect,  differ  essentially  from  the 
rteridophytes,  which  are  provided  with  true  roots.  The  stems  and 
leaves  of  Mosses  are  also  anatomically  of  a  simple  structure ;  if  con- 
ducting strands  are  present,  they  are  comi)osed  merely  of  simple, 
el(jngated  ctdls.  The  sexual  organs  are  produced  on  the  adult,  sexual 
generation  ;  in  tlie  thalloid  forms,  on  the  dorsal  side  of  tlie  thallus  ; 
in  the  cormo})livtic  forms,  at  the  apex  of  the  stem  or  its  branches 
(Fig.  313).  \ 

By  the  division  of  the  fertilised  egg,  a  multicedular  embryo  is 
formed,  which,  by  its  further  development,  gives  rise  to  the  second  or 

ASKXl'AL  CENKKATKiN,  represented  by 
the  sroKuGoNiL'M  or  the  stalked  Moss 
CAi'SULU  The  sporogonium,  in  most 
cases,  consists  of  a  round  or  oval  cap 
sular  receptacle,  in  whose  internal  tissue 
numerous  unicellular  spores  are  ])ro- 
duced.  At  maturity  the  capsule  opens 
and  sets  free  the  spores.  In  both  the 
Diyophytes  and  Pteridophyies  the 
spores  are  formed  in  tktkads  by  the 
twice-repeated  division  of  the  sj>ore- 
mother-cell,  which  previously  become 
disunited,  representing  the  actual  })oint  - 
of  commencement  of  the  sexual  genera- 
tion. The  si)ore  capsule  has  usually  a 
shorter  or  longer  stalk,  of  which  the 
basal  portion,  or  foot,  remains  in  the 
distended  venter  of  the  archegonium,  and,  in  consequence  of  the 
overgrowth  of  the  underlying  tissue,  has  the  appearance  of  being 
sunk  in  it.  Although  the  sporogonium  constitutes  a  distinct  asexual 
generation,  it  continues  throughout  its  existence  united  with  the 
sexual  generation,  and  draws  from  it  the  nourishment  necessary  for 
its  development. 

The  two  classes  comprising  the  Bryophytes  may  be  briefly  charac- 
terised as  follows  :  — 

1.  Hepdlicar  (Liverworts). — The  sexual  fjeneratioii,  with  poorly  developetl  and 
generally  not  distinctly  dilferentiated  protonenia,  luus  either  a  diehotoniousjy  divi«ieti 
thallus  or  is  developed  as  a  leafy,  and,  with  one  exception,  dorsiventral  shoot.  lu 
the  majority  of  Jlcjuiticac,  in  addition  to  spores,  the  capsule  |>roiluce,s  also  claters, 
sterile  cells  which,  in  their  typical  development,  hccome  jjreatly  el.>npite<l  and  pro- 
vided with  sjiiral  thickenings  (Fi^.  317,  /")•  They  conduct  nourishment  to  the  de- 
velopin<,'  sporogenous  cells,  and  at  maturity,  after  the  opening  of  the  capsule,  .serve 
to  .separate  and  .scatter  the  sj^res.  Only  in  one  order.  Jnthttrrrotarror,  does  the 
capsule  have  a  columella,  or  an  axial  nuvss  of  sterile  cells,  whicli  nlao  conduct  the 
metabolic  producbi  to  the  develoi)ing  spor.  s. 


FKi.313. — I'hdttcinn  cnsjndntuin.  a/i,  Antln>r- 
i<lia  ;  ar,  archegonia  at  the  apex  of  the 
bifurcated  moss  stem  ;  b,  leaves ;  p,  \mm- 
physes.    (After  Hokmeisteb,  x  45.) 
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2.  Musci  (Mosses  .—The  protonema  of  tlie  sexual  generation  is  usually  "well 
developed  and  distinctly  defined,  and  the  moss-plant  is  always  segmented  into  stem 
and  leaves.  The  leaves  are  an*anged  spirally  in  polysymmetrical,  less  frequently  in 
bisymraeti-ical,  rows.  The  capsule  is  always  without  elaters,  but,  except  in  one  genus, 
it  always  possess  a  columella. 


Class  I 

Hepaticae  Liverworts) 

The  Hepaticae  are  divided,  according  to  the  structure  of  the  sjooro- 
gonium  and  the  segmentation  exhibited  by  the  sexual  generation,  into 
four  orders:  the  Pdccwceae,  Jlarchanfiaceae,  and  A/ithocerotaceac,  com- 
prising exclusively  thalloid  forms  ;  and  the  Jungermanniaceae,  including 
both  thalloid  and  foliose  forms. 


Order  1.  Rieeiaeeae 

Of  all  the  Hepaticae,  this  order  has  the  simplest  structure.  The  genus  Fdccia 
belongs  to  this  order  :  its  dichotomouslv-lobed  or  cleft  thallus  forms  small  rosettes, 


and  grows  on  damp  or  marshy  soil  (Fig.  314,  A) 
ing,  like  Duckweed,  on  the  surface  of  stagnant 
water.    Fdccia  Jiuitaiis,  on  the  other  hand,  lives 
wholly  submerged,  and  has  narrow,  more  profusely 
branching,  thalloid  segments  (Fig.  10,  p.  1-i) ;  it 
can,  however,  grow  on  marshy  soil,  and  then  forms 
flat  rosettes.    The  Riccias  are  provided  with  fine 
rhizoids  springing  from  the  under  side  of  the 
thallus  (Fig.  314,  B),  and  possess,  in  addition,  a 
double  row  of  transversely  disposed  venti-al  scales, 
consisting  of  a  single  layer  of  cells,  which  also  ,^^,^,1 
function  in  the  absorption  of  nourishment.  Both 
organs  are  wanting  in  the  submerged  species,  ^ 
Riccia  flu  itans,  which  may  accordingly  be  regarded 
as  representing  the  simplest  form  of  Liverworts,   yig.  314. 


Riccia  natans  is  found  float- 


A 


-Riccia  minima.  ^,  Thallus 


with  sporogonia  sunk  in  the  tissue 
at  the  base  of  the  lobes  (nat. 
size)  ;  B,  slightly  magnified  sec- 
tion through  a  thallus  lobe.  (After 

BiSCHOFF.) 


The  thallus  has  a  distinct  ]:>eripheral  cell-layer,  or 
epidennis,  and  imderlying  it  a  green  assimilating 
cellular  tissue,  with  air-ca\-ities  formed  by  the 
more  rapid  growth  and  overarching  of  the  ad- 
jacent tissue.  The  thallus  is  also  traversed  length- 
wise  by  a  central  strand  of  elongated  cells,  devoid  of  chlorophyll,  but  containing 
starch. 

The  antheridia  and  archegonia  are  sunk  in  the  surface  of  the  upper  side  of  the 
thallus.  From  the  fertilised  egg-cell  is  developed  a  spherical  sporogonium,  filled 
with  large  tetrahedral  spores.  The  wall  of  the  sporogonium  consists  of  a  single 
layer  of  cells  ;  it  becomes  disorganised  during  the  ripening  of  the  spores,  which  are 
eventually  set  free  by  the  ruptm-e  and  disintegration  of  the  venter  and  the  suiTOund- 
ing  cells  of  the  thallus.  Each  spore  on  germination  produces  an  inconspicuous 
protonema,  consisting  of  an  unbranched  germ-tube,  provided  with  rhizoids  and  ter- 
niinating  in  a  multicellular  germ-disc,  from  which  the  new  thallus  is  produced. 

2  D 
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Order  2.  Marchantiaceae 


The  Liverworts  included  iu  tills  order  are  much  more  highly  organised,  and  in 
many  genera  they  have  a  decidedly  complicated  structure.  MarchantUi  polymoriiha, 
found  growing  on  damji  soil,  may  serve  as  an  examjile.  It  forms  a  flat,  deeply-lohed, 
dichotomously-liranched  thallus,  about  two  centimetres  wide,  and  having  an  incon- 
spicuous midrib  (Fig.  316,  A  ;  Fig.  317,  A).  From  the  under  side  of  the  thallus 
spring  unicellular  rhizoids,  of  which  some-  liave  smooth  walls,  others  conical  thicken- 
ings projecting  into  the  inner  cavity.  The  thallus  is  provided  also  with  ventral 
scales,  consisting  of  a  single  layer  of  cells.  In  it-s  internal  development  a  doi-si- 
ventral  structure  is  also  ajiparent.  With  the  naked  eye  it  may  be  seen  that  the 
upper  surface  of  the  thallus  is  divided  into  small  rhombic  areas.  Each  area  is  j>er- 
forated  by  a  central  air -pore  leading  into  a  corresponding  air-chamber  immediately 


Fig.  315.  —  Marchantia  polymori>hii.  A-C, 
Successive  stages  in  tlie  forination  of  a 
geiiiiiia  ;  st,  stalk-cell ;  D,  surface  >iew : 
K,  transverse  section  of  a  gemma  ;  z, 
point  of  attachment  to  stalk  ;  <>,  oil  cells  ; 
r,  colonrkss  cells  with  granular  contents, 
from  which  the  rhizoiils  will  develop. 
(Aft.  r  Knv,  A-V  X  275  ;  D-E  x  la.) 


Fig.   31(3. — Marchantui  yioljfmorpha.     A,  A  uiah 
plant,   with   antheri<liophores   ami  cupules 
(nat.  size);  B,  .section  of  young  antheritliophop 

anther'dia  ;  t,  thallus  ;  s,  ventral  soal--s  ; 
rhizoids.    (Somewhat  magnitle<l.) 


below  (Fig.  158,  A,  B).  The  lateral  walls  of  the  air-chambers  determine  the  con- 
figuration of  the  rhombic  areas.  The  air-j)ore  in  the  rooting  wall  of  each  chamber  is 
in  the  form  of  a  short  canal,  bounded  Ity  a  wall  formed  of  several  tiers  of  cells,  each 
tier  comprising  four  cells.  Numerous  short  tilaments.  consisting  of  rows  of  nearly 
spherical  cells  containing  chlurojdiyll  grains,  project  from  the  floor  of  the  air-chambers 
and  jierform  the  functions  of  assimilating  ti.ssue.  Chlorophyll  grains  are  found 
also  in  the  walls  of  the  chambers,  but  only  in  small  numbei-s.  The  air-chambci - 
merely  re}>resent  depressions  in  the  outer  surface  which  have  become  nnifcd  ov. 
by  the  more  ra])id  growth  of  tlu-  adjacent  ejiidermal  cells.  The  intensit}'  of  tl. 
illuminatitm  exercises  a  great  influence  on  the  formation  of  the  air-chamWrs  :  wlu  i. 
the  illumination  is  very  weak  they  may  not  occur  at  all.  The  epidermis  on  th 
under  side  of  the  thallus  is  formed  of  one  la^-er  of  cell.s.  The  tissue  below  the  air 
chamber  layer  is  devoid  of  chlorophyll,  and  consists  of  large  |>arenchymatous  cells, 
which  function  as  accunndatory  or  reservoir  cells.  Small  cup-shajtetl  out^^rowtlis 
with  toothed  margins,  the  gemmiferous  receptacles  or  cupules,  are  generally  found 
situated  on  the  mi<lribs  on  the  uj»per  surface  of  the  thallus  (Fig.  316,  These 
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contain  a  number  of  stalked  gemmie,  flat,  biscuit-shaped  bodies  of  a  green  colour. 
The  gemm?e  arise  by  the  protrusion  and  repeated  division  of  a  single  epidermal  cell 
(Fig.  315)  ;  at  maturity  they  become  detached  from  the  stalk  (at  a.-,  Fig.  315,  D). 


Fig.  Z\1  .—Marchantia  polymorpha.  A,  A  female  plant,  with  four  archegoiiiopliores  of  different  ages  ; 
b,  cupules  (nat.  size) ;  B,  under  side  of  receptacle  ;  st,  rays  ;  h,  sheath  ;  sp,  a  sporogonium  ( x  3) ; 
C,  half  of  a  receptacle,  divided  longitudinally  (x5) ;  D,  longitudinal  section  of  a  young  sporo- 
gonium ;  spf,  the  foot ;  sp,  sporogenous  tissue  ;  ku',  wall  of  capsule  ;  iiiv  wall,  and  li  neck,  of 
archegonium ;  p,  pseudo-perianth  (x  70) ;  E,  ruptured  sporogonium;  I;  capsule;  s,  spores  and 
elaters  ;  p,  pseudo-perianth  ;  c,  archegonial  wall  (  x  10) ;  -F,  an  elater  ;  G,  ripe  spores  (  x  315) ;  H, 
germinating  spore  (s) ;  vk,  protonema  ;  k,  germ-disc,  with  the  apical  cell  v  and  rhizoid  rh  ( x  100). 
(C,  E  after  Bischoff  ;  B,  D,  F-H  after  Kny.) 


They  are  provided  with  two  growing  points,  one  at  each  of  the  marginal  constric- 
tions, from  which  their  further  development  into  new  plants  proceeds.  On  cross- 
section  {E)  they  are  seen  to  be  composed  of  several  layers  of  cells  ;  some  of  the  cells 
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are  filled  with  oil  globules  [D,  o),  while  from  other  colourless  cells  rhizoids  develop. 
Cells  containing  oil  are  also  present  in  the  mature  thallus,  and  are  of  frequent  occur- 
rence in  all  the  Ilrpaticac.  By  means  of  the  abundantly  developed  gemm*  Mar- 
chaniia  is  enabled  to  multiply  vegetatively  to  an  enormous  extent. 

The  sexual  organs,  antheridia  and  archegonia,  are  borne  on  sjiecial  erect  branches 
of  the  thallus.  The  reproductive  branches,  which  are  rolled  together  at  the  lower 
end  into  a  stalk,  expand  above  into  a  jirofusely- branched  upi)er  jwrtion.  In  this 
species,  which  is  di(»  cious,  the  antheridia  and  archegonia  develop  on  different  plants. 
The  branches  producing  the  male  organs  terminate  in  lobed  discs,  which  l>ear  the 
antheridia  on  their  upper  sides  in  tlask-shai>ed  depressions,  each  containing  an 
antheridium  (Fig.  316,  B).  The  depressions,  into  each  of  which  a  narrow  canal 
leads,  arc  separated  from  each  other  by  tissue  tilled  with  air-chambers.  (The  struc- 
ture of  the  antheridia  and  spennatozoids  is  illustrated  by  Fig.  310  and  the  accom- 
panying description,  p.  381.) 

The  female  branches  terminate  each  in  a  nine-rayed  disc  (Fig.  317,  A).  The 
upper  side  of  the  disc,  between  the  rays,  is  turned  underneath  in  the  process 
of  growth,  and,  as  the  archegonia  are  borne  on  these  portions,  they  seem  to  arise 
from  the  under  side.  The  archegonia  are  disj»osed  in  radial  rows  between  the  rays, 
each  row  being  enveloped  in  a  toothed  lamella  or  sheath  (Fig.  317,  B,  C,  h  ;  for 
structure  of  the  archegonia,  see  Fig,  311,  and  description,  p.  382). 

The  fertilised  egg-cell  gives  rise  to  a  multicellular  embryo  (Fig,  311,  C),  and  this, 
by  further  division  and  progressive  differentiation,  develops  into  a  stalke*]  oval 
SFOROGONIUM,  The  capsule  of  the  sporogonium  is  provided  with  a  wall  consisting 
of  one  layer  of  cells,  and  ruptures  at  the  apex  to  let  free  the  spherical  sjH>res, 
The  ELATERS,  or  elongated,  s}»irally  thickened,  fibre-cells  formed  in  the  cajjsules, 
between  the  spores,  by  the  prolongation  of  definite  cells,  are  characteristic  of  the 
Marchantias  and  most  of  the  Liverworts,  The  elaters  are  discharged  from  the 
ruptured  capsule,  together  with  the  spores,  and  serve  for  their  disi»ersion  in  the 
same  way  as  the  capillitium  of  the  Myxomycrtcs  (Fig,  317,  E,  F,  </),  The  rij»e  cap- 
sule, before  the  elongation  of  the  stalk,  remains  enclosed  in  the  archegonium  wall 
(/>,  niv),  which,  for  a  time,  keeps  i>ace  in  its  giowth  with  that  of  the  capsule.  As 
the  stalk  elongates,  the  archegonium  wall  or  calyptra  is  broken  through  and  remains 
behind,  as  e>  sheath,  at  the  base  of  the  s|)orogonium  {E,  c).  The  capsule  is  sm- 
rouiidcd  also  by  the  pseudo-i>erianth,  an  oi>en  sac-iike  enveloj^e  which  grows,  before 
fertilisation,  out  of  the  short  stalk  of  the  archegonium  (Fig,  311,  C,  pr  ;  Fig,  317,  IK 
E,  p).  Similar  envelojies  occur  in  the  higher  Hepatkac,  in  which  they  constitute  & 
true  perianth,  and  are  formed  of  leaves. 

Order  3.  Anthocerotaceae 

The  few  forms  included  in  this  order  have  an  irregular,  disc-shajHHl  thallus.  which 
is  firmly  anchored  to  the  soil  by  means  of  rhizoids.  The  antheridia  arise,  in  grou]i8 
of  two  to  four,  by  the  division  of  a  cell  lying  Wlow  the  epidermis  ;  they  remain  en- 
closed in  cavities  in  the  upper  side  of  the  thallus  until  maturity.  The  archegonia  are 
at  first  merely  sunk  in  the  upper  surface  of  tlie  thallus,  but  after  fertilisation  they 
become  covered  over  by  a  nmny-layered  wall  formed  by  the  overarching  growth  of 
the  adjoining  tissue.  This  enveloping  wall  is  afterwards  ruptureti  by  the  elongating 
capsule,  and  forms  a  sheath  at  its  base,  Tlie  s]H»rogonium  consists  of  a  swollen  foot 
and  a  long,  j)od-shaj)ed  capsule  ;  it  has  no  stalk.  The  capsule  splits  longitudinally 
into  two  valves,  and  luis  a  central  hair-like  columella  formed  of  a  few  rows  of  sterile 
cells  (Fig.  318).    The  columella  does  not  extend  to  the  ai>ex  of  the  caj»sule,  but  il 
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Fig.  318. — Anthoceros  laevis. 
sp,  Sporogonium  ;  c,  colu- 
mella.   (Nat.  size.) 


surmounted  by  a  narrow  layer  of  sporogenoiis  cells.    Elaters  also  occur  ;  they  are 
multicellular,  variously  shaped,  and  often  forked.    The  sporogonia,  unlike  those  of 
all  other  He])cUicae,  do  not  ripen  simultaneously  throughout  their  whole  length,  but 
from  the  tips  downwards,  and  continue  to  elongate  by 
basal  growth  after  emerging  from  the  archegonia. 

On  the  under  side  of  the  thallus,  fissure-like  openings, 
formed  by  the  separation  of  the  cells,  lead  into  cavities 
filled  with  mucilage.  Nostoc  filaments  penetrate  into 
these  cavities,  and  develop  into  endophytic  colonies. 

Order  4.  Jungermanniaeeae 

In  the  simplest  forms  of  this  order  the  thallus  is 
broadly  lobed,  similar  to  that  oi  Mar  chant  ia  {e.g.  Pellia 
epiphylla,  frequently  found  on  damp  ground)  ;  or,  like 
that  of  Riccia  fluitans,  it  is  narrow  and  ribbon-shaped, 
and  at  the  same  time  profusely  branched  {e.g.  Metzgeria 
furcata,  Fig.  161,  p.  149).    In  other  forms,  again,  the 

broad,  deeply-lobed  thallus  has  an  evident  midrib,  and  its  margins,  as  in  the  case  of 
Blasia  pusilkt  (Fig.  11,  p.  14),  exhibit  an  incipient  segmentation  into  leaf -like 
members.  The  majority  of  Jungermanniaceae,  however,  show  a  distinct  segment- 
ation into  stem  and  leaflets.  The  latter  consist  of  one  layer  of  celts  without  a 
midrib,  and  are  inserted  with  obliquely  directed  laminae  in  two  rows  on  each  flank 
of  the  stem.  Some  species  {e.g.  FruUania  Tamar-isci,  a  delicately  branched 
Liverwort  of  a  brownish  colour  occurring  on  rocks  and  tree -trunks)  have  also 
a  ventral  row  of  small  scale -like  leaves,  amphigastria  (Fig.  319,  a.).    The  dorsal 

leaves  are  frequently  divided  into  an  upper  and 
lower  lobe.  In  species  growing  in  dry  places,  like 
the  previously  cited  FruUania,  the  lower  lobe  is 
modified  into  a  sac,  and  serves  as  a  capillary  water- 
reservoir.  The  leaves  regularly  overlap  each  other  ; 
they  are  then  said  to  be  succubous,  when  the  pos- 
terior edges  of  the  leaves  are  overlapped  by  the 
anterior  edges  of  those  next  below  {FruUania,  Fig. 
319),  or  incuhous,  if  the  posterior  edges  of  the 
leaves  overlap  the  anterior  edges  of  the  leaves  next 
above  {Plagiochila,  Fig.  12,  p.  14). 

The  branching  stems  of  the  foliose  Jungerman- 
niaceae are  either  prostrate  or  partially  erect,  and 
in  consequence  of  the  manner  in  which  the  leaves 
develop,  present  a  distinctly  dorsiventral  appearance. 

The  long- stalked  sporogonium  is  also  charac- 
teristic of  this  order  ;  it  is  already  fully  developed 
before  it  is  pushed  through  the  apex  of  the  arche- 
gonial  wall  by  the  elongating  stalk.  It  has  a 
spherical  capsule  which  on  rupturing  splits  into  four  valves  (Figs.  11,  12).  No 
columella  is  formed  in  the  capsule  ;  but  in  addition  to  spores  it  always  produces 
elaters,  which  by  their  movements  while  drying  scatter  the  spores. 

According  to  the  position  of  the  sporogonia,  two  sub-orders  are  distinguished, 
(a)  Anacrogynous  Jungermanniaceae. — The  sporogonia  arise  laterally,  and  are 
situated  on  the  dorsal  side  of  the  thallus  or  stem.    They  are  encircled  at  the  base 


Fig.  319.— Part  of  a  shoot  of  Fnil- 
lania  Tamarisci,  seen  from  below. 
7-,  Dorsal  leaves  with  the  loAver 
lobes  (hv«)  modified  as  water-sacs  ; 
a,  aniphigastrium.    (x  36.) 
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by  an  involucre,  a  sheath-like  outgrowth  of  tlie  thallus  or  stem  [c.q.  Blasia  pusiUa, 
Fig.  11). 

(h)  Acrogynons  Jungennanniaccae. — This  grouj>  includes  only  foliose  forms  (f.;/. 
ritKfiochila  asplenioidcs).  The  sporogonia  arise  apieally  from  the  extremities 
of  tlie  stem  or  its  branches,  and  are  surrounded  by  a  jierianth  formed  of  sjK?cial. 
iharacteristieally-shai»ed  leaves  (Fig.  12^.  The  majority  of  the  Jungermanniaceae 
resemltle  the  true  Mosses  ;  they  are  small  and  grow  on  the  ground  or  on  tree-tnmks, 
and  in  the  troj)ics  also  on  the  leaves  of  forest  plants. 

Class  II 
Musci  Mosses 

The  profusely -branched  i)rotonema  of  the  Mosses  appeiii-s  to 
the  miked  eye  as  a  felted  growth  of  line,  green  filaments  (Fig.  312). 
Buds  are  developed  on  the  protonema,  which  grow  by  means  of  a 
three -sided  apical  cell,  and  give  rise  to  Moss -plants,  which  always 
exhibit  segmentation  into  stem  and  leaves.  The  leafy  Mosses  may 
be  readily  distinguished  from  the  foliose  Juuijennanniuceae  by  the 
spiral  arrangement  of  their  small  leaves,  which  are  rarely  arranged  in 
two  rows.  In  Mosses  which  have  prostrate  stems,  the  leaves,  although 
arranged  spirally,  frequently  assume  a  somewhat  outspread  jx)sition, 
and  all  face  one  way,  so  that  in  such  cases  a  distinction  between  an 
upper  and  a  lower  side  is  manifested,  but  in  a  manner  different  from- 
that  of  the  Liverworts. 

The  STEM  OF  THE  Moss-PLANT  is  formed  of  cells  which  become 
gradually  smaller  and  thicker-walled  towards  the  periphery.  In 
the  stems  of  many  genera  (cq.  Mniuiu,  Fig.  1.39,  p.  147)  there  is 
found  a  central,  axial  stmnd  consisting  pither  of  elongated,  conduct- 
ing cells  with  narrow  liimina  and  devoid  of  proto})lasm,  or  of  such 
em})ty  cells  together  with  others  filled  with  protoplasmic  contents. 
These  strands,  which  are  not  alwa}s  present,  may  be  regarded  as 
incipient  vascular  bundles.  They  do  not  occur,  for  instiince,  in  the 
genus  Sj'hiifjHuiii,  which  grows  in  swampy  places.  The  stems  of  this 
Moss  show  a  peculiar  develoj)nient  of  the  outer  cortical  layers  (Fig. 
.320,  (').  The  cells  in  these  layers  are  devoid  of  protoplasm,  and  are 
in  communication  with  each  other  and  the  atmosjdiere  by  means  of 
large,  open  pores  ;  to  secure  rigidity,  they  are  also  provided  with 
spirall}'  thickened  walls.  They  have  a  remarkable  power  of  capillary 
absor})tion,  and  serve  as  reservoirs  for  storing  and  conducting  water. 

The  LEAVES  of  the  true  Mosses  have,  as  a  rule,  a  very  simple 
structure.  They  consist  usually  of  a  single  layer  of  jK)lygonal  cells 
containing  chloroplasts  (Fig.  5."),  p.  .^G ;  Fig.  72,  p.  68),  and  are 
generally  })rovided  with  a  conducting  bundle  of  elongated  cells.  The 
leaves  of  the  Bog  Mosses  {Sphntjimmie)  have  no  bundles,  and  instead 
are  supplied  witli  capillary  cells  for  the  absorption  and  storage  of 
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water.  These  cells  are  devoid  of  protoplasm,  and  are  similar  to  those 
in  the  periphery  of  the  stem,  but  larger  and  more  elongated  ;  their 
walls,  which  are  perforated,  are  strengthened  by  transverse  thickening 
bands  (Fig.  320,  A,  B).  Between  them  are  other  elongated,  reticulately 
united  cells  containing  chloroplasts.  A  similar  differentiation  of  the 
leaf  cells  occurs  in  a  few  other  Mosses  {e.g.  Leucohryurn  vulgare). 

A  more  complicated  structure  of  the  leaves  resulting  from  their 
adaptation  to  the  absorption  of  water  is  exhibited  by  Pohjtrichura 
commune.  In  this  Moss  the  leaves  develop  on  their  upper  surface 
numerous,  crowded,  vertical  lamellae,  one  cell  thick ;  these  contain 
chlorophyll  and  function  as  assimilatory  tissue,  while  the  spaces  be- 


FiG.  320.— J,  Surface  view  of  a  portion  of  a  leaf  of  Sphagnum  cymbifoliurii  (x  300);  B,  part  of  a 
transverse  section  of  a  leaf  of  Splw.rjnumfimhrio.tiim;  a,  cell  containing  chlorophyll; 
v:,  cai)illary  cell ;  v,  thickening  bands  ;  I,  pore  ;  C,  part  of  a  transverse  section  of  the  stem  of 
Sphagnum  cymbifoUuni ;  c,  central  cells  ;  si:,  sclerenchyniatous  cortical  cells;  u;  capillary  cells 
with  pores  (0  ;  e,  epidermis,    (x  120.) 

tween  the  lamellae  serve  as  reservoirs  for  the  storage  of  water.  In  a 
dry  atmosphere  the  leaves  fold  together,  and  thus  protect  the  delicate 
lamellae  from  excessive  transpiration. 

The  RHizoiDS  (Fig.  321,  B),  each  of  which  consists  of  a  single  row 
of  cells,  spring  from  the  base  of  the  stem.  In  structure  they  resemble 
the  protonemata,  into  which  they  sometimes  become  converted,  and 
then  give  rise  to  new  Moss-plants. 

The  SEXUAL  ORGANS  are  alwaj's  borne  in  groups  at  the  aj^ices 
either  of  the  main  axes  or  of  small,  lateral  branches,  surrounded  by 
their  upper  leaves  ;  each  group  with  its  involucral  leaves  constituting  a 
receptacle.  The  antheridial  and  archegonial  receptacles  are  sometimes 
inappropriately  referred  to  as  Moss  flowers,  but  they  have  nothing  in 
common  with  the  true  flowers  of  vascular  plants  ;  the  involucral  leaves, 
which  frequently  have  a  distinctive  structure,  are  also  known  as  the 
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PERICH^TIA.  Between  the  sexual  organs  there  are  usually  present  a 
iiuml)er  of  multicellular  hairs  or  paraphyses.  The  Moss-})lants  may  be 
mon(»-'cious,  in  which  case  ]>oth  kinds  of  sexual  organs  are  borne 
on  the  same  plant  either  in  the  same  or  different  recei)tacles  ;  or 
direcious,  and  then  the  antheridia  and  archegonia  arise  on  different 
l)lants. 

The  SPOROGOXIUM  of  the  Mosses  develops  a  capsule  with  an  axial 
COLUMKLLA  consisting  of  sterile  tissue.  The  spore-sac  surrounds  the 
columella,  which  accumulates  food  material  and  water  for  the  develojn 
ing  spores.  Elaters  are  never  formed.  Distinctive  variations  in  the 
mode  of  development  and  structure  of  the  capsules  are  exhibited  by 
the  four  orders  of  the  Musci  :  Spha'jiiaceae,  Andnacareiw,  Pha.«acfae,  and 
Bit/inae. 

Order  1.  Bryinae 

111  this  order  (tcinuMl  also  S(cgocarj)ac),  \vliicli  includes  the  majority  of  all  tin- 
true  Mosses,  the  Moss  fruit  attains  its  most  complicated  structure.  The  ripe 
spoiio(;oNii  M,  developed  from  the  fertilised  egg,  consists  of  a  long  stalk,  the  seta 
(Fig.  321,  B,  s),  with  a  foot  at  its  base,  sunk  in  the  tis.sue  of  the  mother  plant, 
and  of  a  capsule  {k),  which  in  its  young  stages  is  surmounted  by  a  hoo<l  or  calyp- 
TUA  {A,  c).  The  calyptra  is  thrown  otf  before  the  sj»ores  are  rii»e.  It  consists  of 
one  or  two  layers  of  elongated  cells,  and  originally  formed  jiart  of  the  wall  of  the 
arcliegonium  which,  at  first,  enclosed  the  embryo,  growing  in  size  as  it  grew,  until, 
linally  ruptured  by  the  elongation  of  the  seta,  it  was  carried  up  as  a  cap,  covering 
the  capsule.  In  the  Liverworts  the  calyptra  is,  on  the  contrary,  always  pierced  by 
the  elongating  si»orogonium,  and  forms  a  sheath  at  its  base.  The  upiter  part  of 
the  seta,  where  it  joins  the  capsule,  sometimes  becomes  distinctly  enlarged  and  is 
then  termed  the  apophysis.  In  Ma  turn  it  is  scarcely  distinguishable,  but  in 
Polytrichum  comuiunc  it  has  the  form  of  a  swollen  ring-like  protuberance  (Fig.  323, 
ap),  while  in  species  of  S2)lachnu>u  it  dilates  into  a  large  cushion-like  structure 
of  a  yellow  or  red  colour,  upon  which  the  capsule  appears  only  as  a  small  protuWr- 
ance.  The  upper  part  of  the  capsule  becomes  converted  into  a  lid  or  oi>erculum 
(Fig.  321,  d),  which  is  sometimes  drawn  out  into  a  projecting  tip.  At  the  margin 
of  the  operculum  a  narrow  zone  of  epidermal  cells  termed  the  ring  or  ANSi  Lrs 
becomes  specially  diHTerentiated.  The  cells  of  the  annulus  contain  mucilage,  and 
by  their  expansion  at  maturity  assist  greatly  in  throwing  off  the  lid.  In  most 
stegocarpous  Mosses  the  mouth  of  the  dehisced  capsule  bears  a  fringe,  the  pkui- 
sTOME,  consisting  usually  of  tooth-like  ajtpendages. 

The  peristome  of  Mniion  huniuiu  (Kig.  321,  C,  p)  is  double  ;  the  outer  peristome 
is  formed  of  16  }»ointed,  transversely  ^triped  teeth  {!))  inserted  on  the  inner 
margin  of  the  wall  of  the  capsule.  They  are  strongly  hygroscopic  ;  opening  in 
dry  weather,  they  allow  of  the  dispersion  of  the  si»ores,  while  in  wet  weather  they 
close  again  and  shut  in  the  spore  masses.  The  inner  jH^ris tome  lies  just  within  the 
outer,  and  consists  of  cilia-like  ajipendages,  which  are  ribbed  on  the  inner  side  and 
thus  appear  transversely  striped  ;  they  coalesce  at  their  base  into  a  continuous 
meml)rane  {IJ).  Two  cilia  of  the  inner  pt-ristome  are  always  situated  between  each 
two  teeth  of  the  outer  row.  The  cilia  facilitate  the  dissemination  of  the  spores 
by  their  hygroscopic  movements. 

The  teeth  and  cilia  of  the  jH.>ristome  are  formeil  in  this  instance  of  thickened 
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portions  of  the  opposite  walls  of  a  single  layer  of  cells  next  to  the  operculum  -Tig. 
322),  the  teeth  from  portions  of  the  external  wall,  and  the  cilia  from  portions  of 
the  internal  walls  of  the  same  layer.  On  the  opening  of  the  capsule  the  un- 
thickened  portions  of  this  layer  break  away  and  the  teeth  and  cilia  split  apart. 
The  ti-ansversely  ribbed  markings  on  their  surface  indicate  the  position  of  the 
former  transverse  walls. 

The  structure  of  the  peristome  varies  greatly  in  different  s]:>ecies  of  Bryinae. 


Fig.  322. — yfniiim  hornuvr.  Transverse  sec- 
tion through  the  wall  of  the  capsule  in 
the  region  of  the  ring ;  c,  cells  of  the 
ring :  1-4,  suece'SsiTe  cell  layers  with 
the  thickened  masses  of  the  inner  and 
outer  Y'eristome ;  d',  d",  d'",  transverse 
projecting  ribs  of  the  coalesced  cilia  c 
(X  240.) 


Fig.  321. — Mnium  Tiornum.  A,  A  plant  Avith  feporo- 
goninni  still  bearing  a  calyptra  (c) ;  B,  a  plant  with 
ripe  sporogoniuna  ;  s,  seta  ;  1:,  capsule  ;  d,  oper- 
culum ;  rh,  rhizoids ;  C,  mature  capsule  with 
operculum  (d)  removed  ;  j»,  peristome ;  D,  two 
peristome  teeth  of  the  outer  row  ;  E,  jjart  of 
inner  peristome.  {A,  B,  nat.  size ;  C  x  3 ;  D,  E 
X  5S.) 


By  its  peculiar  form  and  hygroscopic  movements  the  peristome  causes  a  gradual 
dissemination  of  the  sj^ores  from  the  capsule. 

The  central  axial  portion  of  the  capsule  is  occupied  by  the  large-celled  colu- 
mella. It  is  completely  surrounded  by  the  sporogenous  tissue,  the  so-called  sj'ore- 
sac,  which  is  separated  from  the  wall  of  the  capsule  and  sometimes  also  from  the 
columella  by  loose  assimilatory  tissue.  Stomata  occur  in  the  epidermis  of  the 
capsule.  The  Moss  fruit,  in  conformity  with  its  anatomical  structure,  takes  part  in 
assimilation.  It  ripens  slowly  outside  the  archegouium,  while  the  sporogonium 
of  the  Liverworts  remains  enclosed  within  it  until  maturity. 
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Variations  in  the  fonu  of  the  capsule,  peristome,  ojvereuliim,  and  calyj'tra 
afford  the  most  imi»ortant  means  of  distinguishing  the  different  genera.  The 
Bnjinac  are  first  divided  into  two  sub-orders,  according  to  the  position  of  the  arche- 
gonia  or  of  the  sporogonia  developed  from  them. 

(rt)  Bnjinae  acrocarpae. — The  archegonia,  and  consequently  the  sporogonia,  are 
terminal  on  the  main  axis.  Mnium  fiornum,  the  sj»ecies  referred  to  above  (Fig. 
321),  belongs  to  this  grouj)  ;  it  grows  in  damp  }tlaces,  in  woo<ls  and  at  the  base  of 
rocky  cliffs,  PohjtrirhiDii  commune,  a  common  acrocarpous  Moss,  which  is  found 
abundantly  in  high  latitudes,  has  a  stem  often  several  decimetres  long  (Fig.  323). 
The  four-sided  grooved  capsule  is  borne  on  a  long  stalk,  with  a  ring-like  aiojihysis, 
and  is  almost  completely  encased  by  the  brown  felted  calyjitra.  The  jterisiome 
is  single  and  consists  of  32  teeth.  Funaria  hyijrometrica,  another  very  familiar 
example  of  the  Acrocarpae,  is  found  growing  on  the  ground  and  on  walls.  The 
leafy  stems  of  this  sjiecies  are  very  small  ;  the  obli<jue  cajisules  are  i>ear-shaped 
and  raised  upon  a  long  hygroscopic  seta,  which  becomes  spirally  twisted  when 
dry,  but  straightens  again  if  moistened.  Schistostc(ja  osmundacea,  a  moss  living  in 
caves,  has  fertile  shoots,  which  have  sjiirally  arranged  leaves  and  bear  stalked 
cajtsules  devoid  of  peristomes,  and  also  other  shoots  that  are  sterile,  with  two  rows 
of  leaves  (Fig.  324,  A,  B).  The  protonema  of  this  sjK-cies  gives  out  an  emerald 
light  (}).  223).  Its  branched  filaments  place  themselves  in  a  plane  perjtendicular 
to  the  incident  rays  of  light,  so  that  the  cells,  which  are  disc-shaped,  projecting 
conically  on  the  under  side,  reflect  the  light  in  the  same  way  as  a  reflecting  mirror 
(Fig.  325). 

(h)  Bryinac  phxirocarpar. — The  growth  of  the  main  axis  is  unlimited,  and  the 
archegonia  with  their  sporogonia  arise  on  short,  lateral  branches  (Fig.  326).  In 
this  group  are  included  numerous,  usually  profusely  l>ranched  species  of  large 
Wood  Mosses  belonging  to  the  genera  Hylocomium,  Xcckera,  and  Ht/pnum,  and 
also  the  submerged  Water  Moss,  Fonfimi/is  nntipftrcticn. 

Order  2.  Phascaceae 

To  the  Phascaceae  (Cleistocarpae)  belong  small  Mosses  with  few  leaves  growing 
on  the  soil  ;  they  retain  their  filamentous  protonemata  until  the  capsules  are  ri|>e, 
and  have  the  simplest  structure  of  all  the  Mosses  (Fig.  327\  The  hooded  capsule  is 
terminal  and  has  only  a  short  stalk.  It  does  not  open  with  a  lid,  but  the  sjKjres 
are  set  free  by  the  decay  of  its  walls. 

Order  3.  Andreaeaeeae 

Tile  Andreaeaeeae  {Sehizoca rpae)  com\n'ise  only  the  one  genus,  Audreaea,  small, 
brownish  c;espitose  Mosses  growing  on  rocks.  The  si»orogonium  is  also  terminal 
in  tliis  order.  The  capsule,  at  first  provided  with  a  calyptra,  splits  into  four  longi- 
tudinal valves,  which  remain  united  at  the  base  and  apex  (Fig.  328).  The  stalk  is 
short,  and  is  expamled  at  the  base  into  a  foot  (Spf),  which  in  turn  is  borne  on  a 
pseu(lo])o(lium  {ps),  a  stalk-like  jirolongation  of  the  stem  resulting  from  its  elonga- 
tion after  the  fertilisation  of  tiie  archcLroniuni. 

Order  4.  Sphagnaceae 

Tlie  t>rder  of  the  SphiKjnaccne,  or  Hog  M«»ssts,  includes  only  a  single  genus, 
S/>/iii>fni(ui.  The  Hog  Mosses  grow  in  swami>y  places,  which  they  cover  with  a 
tliick  carpet  saturated  with  water.    The  upjier  extremities  of  the  stems  continue 
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their  growth  from  year  to  year,  while  the  lower  i»ortions  die  away  and  become 
eventually  converted  into  peat.  Of  the  numerous  lateral  branches  arising 
from  each  of  the  shoots,  some  grow  upwards  and  form  the  apical  tufts  or  heads 
at  tlu'  summits  of  the  stems  ;  others,  which  are  more  elongated  and  Hagelliform 
in  shape,  turn  downwards  and  envelop  the  lower  portions  of  the  stem  (Fig,  329, 
A).  Every  year  one  branth  below  the  aj^ex  develops  as  strongly  as  the  mother 
shoot,  so  that  the  stem  thus  becomes  falsely  bifurcate<l.  By  the  gradual  death 
of  the  stem  from  below  upwards  the  daughter  shoots  become  sejMirated  from 
it,  anfl  form  indcju-ndent  plants.    Special  branches  of  th-  Tuft'-l  ]:>  I'l-.  -  ith-  r 


Fig.  329. — Sphagnum  fimhriotiim.  A,  A  shtxit  with  four  ripe  spomgonia.  Sphafnttm  anitifolimm. 
li,  Archegoniuin  with  the  niulticelliilar  embryo  of  the  sp<iro);oniuiii  on  ;  C,  a  young  sporo- 
gonium  in  longitudinal  section  ;  p»,  itseuilopodium  ;m,  archegunial  wallorcal>i>tni :  ak,  nrckuf 
archegoniuni  ;  s/>/,  U>ot  of  siwrogoniuni ;  k,  capsule ;  co,  columella  ;  jipo,  spore-sac  with  kixirn  ; 
E,  ruptured  antheridium  with  escajiing  spermatoroids ;  F,  single  spennatoroid,  highly 
magiiilied.  Sfhagiium  .•/immwMw.  /»,  A  lateral  shoot  with  a  terminal  sporogoninm ;  rti, 
rupturetl  calyptra ;  </,  oi>ereuluiii.  (After  W.  V.  Schimper  ;  A,  nat.  size;  the  other  flgnreit 
magiiitie<l.) 

on  the  same  jilants  (^monrecious)  or  on  difierent  stocks  ^di«ecious),  are  distinguish- 
able by  their  different  structure  and  colour  ;  on  these  the  sexual  organs  are  pro- 
duced. The  male  branches  give  rise,  near  the  leaves,  to  splierical  stalked  antheridia, 
which  open  at  the  apices  by  means  of  retroflexing  valves,  and  let  free  the  s]arally 
twisted  spermatozoids  (Fig.  329,  A',  F\  The  archegonia  are  borne  at  the  tii»s  of 
the  female  branches.  After  fertilisation,  the  multicellular  embryo  of  a  s]iorogoniuni 
(B)  is  produced  from  the  egg-cell.  Tiie  s|K)rogoniuin  develojis  a  short  stalk  with 
an  expanded  foot  (0»  ^'"t  remains  for  a  time  enclos<»d  by  the  arcLegonial  wall  or 
calyptra.  UjKjn  the  rupture  of  the  archegonium,  the  calyptra  persists  just  as  in 
the  Ih  jtaticac  at  the  base  of  the  s|>orogonium.    The  cajisule  is  spherical  and  has 
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a  dome-shaped  columella,  which  in  turn  is  overarched  by  a  hemispherical  spore-sac 
(spo)  ;  it  possesses  an  operculum,  but  no  peristome.  The  ripe  sporogonium,  like 
that  of  And7'eaea,  is  borne  upon  a  prolongation  of  the  stem  axis,  the  pseudopodium, 
which  is  exjianded  at  the  top  to  receive  the  foot  of  the  stalk.  Of  the  peculiar 
structure  of  the  leaves  and  stem  cortex  a  description  has  already  been  given  (p.  390). 


III.  PTERIDOPHYTA  (VASCULAR  CRYPTOGAMS) 


The  Pteridophytes  include  the  Ferns,  Water-Ferns,  Horse-tails, 
and  Club  Mosses,  and  represent  the  most  highly  developed  Cryptogams. 
In  the  development  of  the  plants  forming  this  group,  as  in  the  Bri/o- 
pJujta,  a  distinct  alternation  of  generations  is  exhibited.  The  first 
generation,  the  sexual,  bears  the  antheridia  and  archegonia ;  the 
second,  the  asexual,  develops  from  the  fertilised  egg  and  produces 
asexual,  unicellular  spores.  On  germination  the  spores  in  turn  give  rise 
to  a  sexual  generation.  Both  the  sexual  and  asexual  generations 
of  the  Pteridophijta  present  marked  variations  in  the  mode  of  their 
development. 

The  sexual  CxENERATION  is  termed  the  proth allium  or  game- 
TOPHYTE.  In  some  forms  it  never  reaches  any  great  size,  being  at  most 
a  few  centimetres  in  diameter ;  it  resembles  in  appearance  a  simple, 
thalloid  Liverwort  ;  it 
then  consists  of  a  small 
green  thallus,  attached 
to  the  soil  by  rhizoids 
springing  from  the  under 
side  (Fig.  330,  A).  At 
other  times  the  prothal- 
lium  is  branched  and 
filamentous ;  sometimes  it 
is  a  tuberous,  colourless 
mass  of  tissue,  and  parti- 
ally or  wholly  buried  in 
the  ground,  leading  a 
saprophytic  existence, 
while  in  certain  other 
divisions  of  the  Pterido- 
phyta  it  undergoes  reduc- 
tion and  remains  more  or 
less  completely  enclosed 
within  the  spore.  On  the  prothallia  arise  the  sexual  organs,  anther- 
idia producing  numerous  ciliate,  usually  spiral  spermatozoids,  and 
archegonia,  in  each  of  Avhich  is  a  single  egg-cell.  As  in  the  Mosses 
the  presence  of  water  is  necessary  for  fertilisation. 

After  fertilisation  the  egg-cell  develops  into  a  multicellular  embryo. 


330. — Aspidium  filix  mas.  A,  Prothallium  seen  from 
below ;  or,  archegonia  ;  an,  antheridia  ;  rh,  rhizoids ;  B, 
prothallium  with  young  Fern  attached  to  it  by  its  foot ; 
h,  the  first  leaf  ;  iv,  the  primary  root,    (x  circa  8.) 
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which  becomes  the  asexual  generation,  as  in  the  BiyophyUi.  The 
Jii-ffojiht/fa  ami  PUrhh/phiitn  have  accordingly  been  classed  together  as 
Einhniophiitu  by  Englek,  and  termed  EinhryuphyUi  zoidioijanm,  because 
the  male  cells  are  developed  as  speimatozoids. 

The  asexual  generation  or  sj)orophyte  is  represented  by  a  |)lant 
possessing  a  highly  ditieientiated  internal  structure,  and  externally 
.segmented  into  stem,  leaves,  and  roots.  In  the  majority  of  Pterido- 
phyte.s,  the  fertilised  egg-cell,  while  still  in  tiie  archegonium  (Fig. 
33 'J),  surrounds  itself  with  a  cell  wall  and  undergoes  division,  first 
into  two  cells,  by  the  formation  of  a  transverse  or  basal  wall,  and  then 
into  octants  by  two  walls  at  right  angles  to  each  other  and  to  the 
basal  wall.  By  tJie  further  division  of  these  eight  cells  the  half  above 
the  basal  wall  gives  rise  to  the  tissues  of  the  stem  apex  and  the  first 

leaf,  while  from  the 
half  below  the  basal 
wall  is  produced  the 
primary  root,  and  an 
organ  peculiar  to  the 
Pteridophytes,  the  so- 
called  Foot  (Fig.  331. 
A,  B).  The  foot  is 
a  mass  of  tissue,  by 
means  of  which  the 
young  embryo  remains 
attached  to  the  parent 
prothallium  and  ab- 
sorbs nourishment 
from  it,  until,  by  tlie 
development  of  its  own 
roots  and  leaves,  it  is 
able  to  nourish  itself 
independently.  The 
prothallium  then  usually  dies.  The  stem  developed  from  the 
embryonic  rudiment  may  be  either  simple  or  bifurcated,  erect  or 
prostrate;  it  luaiiches  witliout  reference  to  the  leaves,  which  are 
arranged  sjjirally  or  in  whorls,  or  occupy  a  dorsiventral  ]»osition. 
Instead  of  rhizoids,  true  roots  are  produced,  as  in  the  Phanerogams. 
The  leaves  also  correspond  in  structure  with  those  of  the  Phanero- 
gams. Stems,  leaves,  and  root  are  traversed  by  well-diH'erentiated 
vascular  bundles,  and  the  Pteridophytes  are,  in  consequence,  designated 
Vascular  Cryptogams.  The  bundles,  which  as  a  rule  have  the  same 
structure  thnnighout  the  whole  group,  are  constructed  after  a  sj>ecial 
type  {rf.  pp.  1U4,  114,  and  Figs.  121,  127,  128).  Secondary  growth 
in  thickness,  resulting  from  the  activity  of  a  special  cambium,  occurs 
only  occasionally  in  existing  forms,  but  it  was  characteristic  of  the 
stems  of  certain  extinct  groups  of  Pteridophytes. 


Fig.  331.— .-1, 1'trris  sfrrulatu,  embryo  freed  from  the  archegonium, 
in  longitutliiial  seetion  (after  Kiexitz-Geblofk)  :  I,  l>asalwall; 
II,  transverse  wall  dividing  the  egg-cvll  into  quadrants,  rudi- 
ment of  the  foot/,  of  the  stem  s,  of  the  first  leaf  l>,  of  the  not 
;  Ji,  section  of  a  further-develoi)ed  embryo  of  I'teris  ni/t/iVinu 
(after  Hokmeister);/,  font  still  embe«lded  in  the  enlarged 
ventes  of  the  archegonium  cir  ;  pr,  prothallium.  (Magnitie*!.) 
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The  SPORES  are  produced  vegetatively  in  special  receptacles  termed 
SPORANGIA,  which  occur  on  the  asexual  generation,  either  on  the  leaves, 
or  less  frequently  on  the  stems  in  the  axils  of  the  leaves.  The  spori- 
ferous  leaves  are  termed  SPOROPHYLLS.  The  sporangium  consists  of  a 
wall  composed  of  several  layers  of  cells  enclosing  the  sporogenous  tissue, 
the  cells  of  which,  becoming  rounded  oft'  and  separated  from  each  other  as 
spore  mother-cells,  give  rise  each  to  fourtetrahedral  spores  (spore-tetrads). 
The  cells  of  the  innermost  layer  of  the  sporangial  wall  are  rich  in 
protoplasm,  and  constitute  the  tapetum.  In  the  course  of  the 
development  of  a  sporangium  the  walls  of  the  tapetal  layer  become 
dissolved.  The  tapetal  cells  then  wander  in  between  the  spore 
mother  cells,  so  that  the  spores  eventually  lie  embedded  in  a  muci- 
laginous protoplasmic  mass,  the  periplasm,  from  which  they  derive 
nourishment.  Only  the  outermost  layer  of  the  wall  is  retained  by  the 
mature  sporangium.  The  spores  are  all  unicellular.  Each  spore  has 
a  wall  composed  of  two  coats,  an  EXINE,  which  is  cutinised,  and  an 
INTINE,  consisting  of  cellulose.  The  spores  of  certain  Pteridophytes 
are  invested  by  a  second  specially  dift'erentiated  outer  coat,  the  PER- 
INIUM,  which  is  divided  from  the  protoplasm  of  the  tapetal  cells. 

The  spores  of  tlie  majority  of  the  Pteridophytes  have  all  the  same 
structure,  and  give  rise  on  germination  to  a  prothallium,  which  pro- 
duces both  antheridia  and  archegonia.  In  certain  cases,  however,  the 
prothallia  are  dioecious.  This  separation  of  the  sexes  extends  in 
some  groups  even  to  the  spores,  which,  as  aiACROSPORES,  develoj^ed 
in  MACROSPORANGIA,  give  rise  only  to  female  prothallia ;  or  as  MICRO- 
SPORES, which  are  produced  in  microsporangia,  develop  similarly 
only  male  prothallia.  In  accordance  with  this  dift"erence  in  the  spores, 
a  distinction  may  be  made  between  the  HOMOSPOROUS  and  HETERO- 
SPOROUS  forms  of  the  same  group ;  but  this  distinction  has  no 
systematic  value  in  defining  the  different  groups  themselves,  as  it  is 
manifested  to  an  equal  degree  in  groups  in  other  respects  quite 
distinct. 

Compared  with  the  Bryopliyta,  the  asexual  cormophytic  generation 
of  the  Pteridophytes  corresponds  to  the  sporogonium,  the  prothallium, 
on  the  other  hand,  to  the  Moss-plants  with  its  protonema ;  although 
both  groups  may  have  originated  phylogenetically  from  a  common 
ancestor,  they  have  followed  altogether  different  directions  in  the 
course  of  their  further  development.  The  correspondence  in  the 
structure  of  their  sexual  organs,  in  particular,  points  to  the  existence 
of  a  relationship  between  them ;  on  the  other  hand,  their  asexual 
generations  exhibit  the  greatest  disagreement,  so  that  it  would  not 
seem  admissible  to  regard  the  asexual  generation  of  the  Pteridophytes 
as  derived  from  the  sporogonium  of  the  Mosses,  although  it  is 
manifestly  homologous  with  it. 

The  existing  Pteridophijta  are  classified  as  follows  : — 

1.  Filicinae. — Ferns,  stem  simple  or  branched,  with  well-developed. 
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alternate,  often  deeply  divided  or  compound  leaves.  Sporangia  either 
on  the  underside  of  the  sporoi)hylls,  united  in  sori  or  free,  or  enclosed 
in  special  segments  of  the  leaves. 

Order  1.  Fili<-cs. — Ferns,  in  the  narrower  sense.  Homosporous. 
Order  2.  Jlf/droptirideae. — Water-Ferns.  Heterosporous. 

'2.  J'Jiiuisefiiuie. — Horse-tails,  stem  simjde  or  verticillately  branched, 
with  whorled,  stale-like  leaves  forming  a  united  sheath  at  each  node. 
Spoiophylls  shield-shaped,  hearing  the  sporangia  on  the  under  side,  and 
aggregated  into  a  cone  at  the  ai)ex  of  each  fertile  shoot. 

Order  3.  Equisetaceae. — Horse-tails.  Homos}X)rous. 

3.  Li/cojKHlinae. — Club  Mosses.  Stems  elongated,  dichotomously 
branched,  either  forked  or  forming  a  sympodium,  with  leaves,  in 
many  cases  greatly  reduced,  or  shortened  and  tuberous  with  awl- 
shaped  leaves.  Sporangia  arising  singly  in  the  form  of  firm-walled 
capsules  either  from  the  stem,  in  the  leaf-axils,  or  from  the  leaf-base. 

Order  4,  Lijcopodinceae. — Club  Mosses.  Homosporous. 
Order  5.  Selaginellaceae. — Heterosporous. 

There  are  also  various  fossil  groups,  some  of  which  are  included 
in  the  above  divisions,  while  some  form  independent  orders. 

Class  I 
Filicinae  Ferns) 
Order  1.  Filices 

The  Filices  (True  Ferns)  constitute  the  larger  part  of  the  Vascular 
Cryptogams.  They  comprise  a  large  number  of  genera  with  numerous 
species,  l)eing  widely  distyj^dljbed  in  all  parts  of  the  world.  They 
attain  their  highest  development  in  the  tropics.  The  Tree -Ferns 
{Cyathm^  Alsophihi,  etc.),  which  include  tlie  largest  representatives  of 
the  order,  occur  in  tropical  countries,  and  characterise  the  special 
family  of  the  Cfndheaceae.  The  stem  of  a  Tree-Fern  is  woody  and 
unbranched  ;  it  bears  at  the  apex  a  rosette  of  ])innately  comjiound 
leaves  or  fronds,  which  are  produced  in  succession  from  the  terminal 
bud,  and  leave,  when  dead,  a  large  leaf  scar  on  the  trunk.  The  stein 
resembling  that  of  a  Palm  in  habit,  it  is  attached  to  the  soil  by  means 
of  numerous  adventitious  roots. 

The  majority  of  Ferns,  however,  are  herl)aceous,  and  }>ossess  a 
cree})ing  rhizome,  terminating  usually  in  a  rosette  of  pinnate  or  deeply 
clivided  leaves.  Such  a  habit  and  growth  are  illustrated  by  the  common 
Fern  Jspidiuin  jili.r  mas,  the  rhizome  of  which  is  otlicinal. 

When  young,  the  leaves  (fronds)  of  this  Fern  are  coiled  at  the  tips 
(Fig.  33  2,         a  pecidiarity  common  to  the  Ferns  as  a  whole,  and  to  the 
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Water-Fenis.  Unlike  the  leaves  of  Phanerogams,  Fern  leaves  continue 
to  grow  at  the  apex  until  their  full  size  is  attained.  The  leaves  of 
the  common  PnUijimUnn}  inhjart'  are  pinnate,  and  spring  singlv  from 
the  upper  side  of  the  branched  rhizome,  which  creeps  amongst  ^Ios> 
or  on  rocks.  In  other  cases  the  leaves  ma}-  be 
-  simple  and  undivided,  as  in  the  Hart's-Tongue 
Fern,  Scohipeiulrlnm  vuhjare,  at  one  time  officinal 
and  tlesignated  Ihrha  liwjuae  cerrimie  (Fig.  333). 

In  the  tropics  many  herbaceous  Ferns  grow 
as  epipliytes  on  forest  trees.  Peculiar  brownish 
scales  (imU'tw^  rannnta),  often  fringed  and  consist- 
ing of  a  single  layer  of  cells,  invest  the  stems, 
petioles,  and  sometimes  also  the  leaves  of  most 
Ferns  (Fig.  113,  p.  98). 

The  sporangia  are  generally  produced  in  large 
numbers,  on  the  under  side  uf  the  haves.  Tlie 
sporophylls,  as  a  rule,  resemble  the  sterile,  foliage 
leaves.  In  a  few  genera  a  pronounced  hetero- 
phyll  is  exhibited:  thus,  in  the  Ostrich  Fern, 
Stnit/iiopferis  (/rnnanica,  the  dark -brown  sj)oro- 
phylls  are  smaller  and  less  profusely  branched, 
standing  in  groups  in  the  centre  of  a  rosette  of 
large  foliage  leaves. 

In  the  dirterent  families,  difterences  in  the 
mode  of  development,  as  well  as  in  the  form, 
position,  and  structure  of  the  spukanc;i.a,  are 
manifested. 

The  s])orangia  of  the  PuLVPODlACKAK,  in 
Fig.  zs3.-scoiopeniirium  ^^'^^i^'^^  family  the  most  familiar  and  largest  num- 
viiionrr.  (jnat.  size.)  bcr  of  spccics  are  Comprised,  are  united  in  groups 
or.v  i^^n  the  under  side  of  the  leaves,  at  the  ends 
of  or  between  the  branche^J)Khe  nerves.  They  are  borne  on  a  cushion- 
like projection  of  tissue  termed  the  RECEPTACLE  (Fig.  332,  5),  and  in 
many  species  are  covered  by  a  protective  membrane,  the  INDVSilM, 
which  is  an  overgrowth  of  the  tissue  of  the  leaf  (Fig.  33*J,  3-')  ; 
Fig.  334,  /).  Each  sporangium  arises  by  the  division  of  a  single 
ei)idermal  cell,  and  consists,  when  ripe  (Fig.  334,  B-K),  of  a  capsule 
attached  to  the  receptacle  by  a  slender  multicellular  stalk,  containing 
a  large  number  of  spores  with  a  ribbed  or  warty  thickened  exine 
(Fig.  334,  /').  The  wall  of  the  capsule  is  formed  of  a  single  layer  of 
cells.  A  row  of  cells  with  strongly  thickened  radial  and  inner 
walls,  extending  from  the  stalk  over  the  dorsal  side  and  top  to  the 
middle  of  the  ventral  side  of  the  capsule,  are  s})ecially  developed  as  a 
ring  or  ANNI'LUs,  by  means  of  which  the  dehiscence  of  the  si)orangiuin 
is  effected.  Through  the  contraction,  on  loss  of  water,  of  the  thin 
outer  walls  of  the  cells  composing  the  ring,  it  springs  backwards,  and 
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produces  a  transverse  rupture  of  the  capsule  between  the  broad  cells 
at  its  extremity  (Fig.  334,  E).  It  then  returns  suddenly  to  its  original 
position,  only  once  more  to  uncoil  until  it  assumes  a  nearly  vertical 
position. 

The  form  and  insertion  of  the  sori,  the  shape  of  the  indusium 
when  present,  or  its  absence,   all  constitute  important  criteria  for 


Fig.  23r\. — S<r>lopendrium  nthjam.  A,  Part  of  a  section  through  the  fertile  portion  of  a  leaf;  t, 
indnsiam ;  S'j,  sporangia.  B-E,  sporangia,  in  lateral  (B,  E),  dorsal  (D),  and  ventral  (Q  view  ; 
F,  a  spore.   (A  x  50 ;  B-E  x  145  :  F  x  540.) 


distinguishing  the  diflerent  genera.  The  sori  of  Scolopendrium  (Fig. 
333)  are  linear,  and  covered  with  a  lip  -  shaped  indusium  con- 
sisting of  one  cell-layer.  They  are  so  disposed  in  pairs,  ou  difterent 
sides  of  every  two  successive  nerves,  that  they  appear  to  have  a 
double  indusium  opening  in  the  middle  (Fig.  334:,  A).  In  structure 
the  indusium  resembles  the  epidermis,  but  the  stomata  are  absent,  and 
the  chromatophores  are  colourless.  In  the  genus  Aspidium,  on  the 
other  hand,  each  sorus  is  orbicular  in  form  and  covered  by  a  peltate 
or  reniform  indusium  attached  to  the  apex  of  the  placenta.     The  sori 
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of  Pohjpodiiim  vulfjare  are  also  orbicular,  but  they  have  no  indusia.  In 
the  common  Brake,  Pteris  iiquilina,  the  sporangia  form  a  continuous 
line  along  the  entire  margin  of  the  leaf,  which  folds  over  and  covers 
them  with  a  false  indusiuni. 

The  sporangia  of  the  Ci/atheaceac,  to  whicli  family  belong  principally  the  tree- 
like Ferns,  are  characterised  by  a  complete  annulus  extending  obliquely  over  the 
apex  of  the  capsule  (Fig.  3.'i5,  B).     The  Ilymenophyllaccae,  often  growing  as 


A 


B 


Fir,.  33^ 


-Sporangia  (mat^iiilied).    A,OtOsniunda  regulis,  dursal  vifw  (after  LCKKiUEN)  ;  of 
Alsnphilii  comfitn  ;  C,  of  Aneimia  rutae/olia.    (After  Martu's.) 


epiphytes  on  Tree-Ferns,  have  also  sporangia,  -with  a  complete,  oblique,  or  horizontal 
annulus.  The  sporangia  of  the  Schizacaccac,  on  the  other  hand,  have  an  ajiical 
annulus  (Fig.  335,  6'),  while  in  the  Osmundaccac,  of  which  the  Royal  Fern,  Osinuuda 
rcgalis,  is  a  familiar  example,  the  annulus  is  rej»resentcd  merely  b}-  a  group  of  thick- 
walled  cells  just  l)elow  the  a})ex  of  the  sporangium  (Fig.  335,  A). 

Ferns,  like  those  just  referred  to,  in  which  each  sporangium  is 
developed  from  a  single  epidermal  cell,  are  classed  together  as  Fili(< 
lepfosporaiKjiatae,  in  distinction  to  the  Eu.<ponunjinfae,  in  which  the 
sporangia  take  their  origin  from  a  group  of  epidermal  and  underlying 

cells.  Tlie  EusjHfratufiafiW  comprise  the 
two  families  Marattiimae  and  Ophvy- 
(jlossaceae. 

The  Maratliaccac  are  tropical  Ferns,  with 
thick,  tuberous  stems  and  gigantic  fronds,  each 
with  two  stijmles  at  the  ba.se.    Their  ni.itui 
sporangia  are  jirovided  with  a  stiff  and  Jin 
many-layered  wall,  and  are  either  free  (--/ii;/< 
oji/nis),  or  all  the  s{»oraugia  of  a  sorus  ari 
united  in  an  oval,  capsule-like  body,  divided 
into  a  corresjwndiug   number  of  chambers 
(Fig.  336). 

The  Ophioglossaceaf  include  but  few  s|  ■  '\<  - 
Examples  of  thi.s  family  are  afforded  by  ' 
(jlossum  rulfjatuin,  Adder's  Tongue,  and  Botnjchium,  Moonwort  (Fig.  337).  V>"\u 
have  a  short  stem,  from  which  only  a  single  leaf  unfolds  each  year.    The  leaves 
in  both  cases  are  provided  with  leaf-sheaths,  and  peculiarly  divided  into  fertile 


Fui.  330.— .U(in(«ia  hievis.  Siwraiigial 
sorus ;  A  spoii  from  the  8i«le  ;  li 
<)j)ein'<l,  sliuwiiig  the  chainlters.  (x 
12.) 
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and  sterile  segments.  In  Ophioglossum  the  sterile  leaf-like  segment  is  tongue- 
shaped,  the  fertile  segment  narrow  and  cylindrical,  bearing  the  sporangia  in  two 
rows  sunk  in  the  tissue.  The  sterile  portion  of  the  leaf  of 
Botrychium  is  pinnate,  while  the  fertile  segment  is  pin- 
nately  branched,  and  thickly  beset  on  the  inner  side  with 
large  nearly  spherical  sporangia. 

All  the  members  of  the  Filices  are  homosporous. 
The  PROTHALLIUM  has  usually  the  form  of  a  flat, 
heart-shaped  thallus  (Fig.  330),  bearing  the  anther- 
idia  and  archegonia  on  the  under  side ;  but  in 
Botrychium  it  is  represented,  on  the  contrary,  by  a 
small  subterranean  tuberous  body  which  is  sapro- 
phytic, and  produces  the  sexual  organs  on  the 
upper  side.  In  certain  nymenophyllaceae  (Tri- 
rhomanes),  on  the  other  hand,  the  prothallium  is 
filiform  and  branched,  resembling  in  structure  the 
protonema  of  the  Mosses,  and  producing  the 
antheridia  and  archegonia  on  lateral  branches. 

The  ANTHERIDIA  and  ARCHEGONIA  are  similarly 
constructed  in  nearly  all  Ferns  ;  those  of  Poly- 
jmlium  xulgare  (Figs.  338,  339)  may  serve  as  a 
type.  The  antheridia  are  spherical  projecting 
bodies  (Fig.  338,  A,  j)),  arising  on  young  pro- 
thallia  by  the  septation  and  further  division  of 
papillse-like  protrusions  from  single  superficial 

cells.  When  m.ature, 
each  antheridium 
consists  of  a  central 
cellular  cavity,  filled 
with  spermatozoid 
mother-cells,  and  en-  ^ 
closed  b)^  a  wall 
formed  of  two  ring- 
shaped  cells  {A,  1,  2)  and  a  lid -cell  (3). 
The  spermatozoid  mother-cells  are  pro- 
duced by  the  division  of  the  central  cells. 
They  are  discharged  from  the  antheridium 
by  the  pressure  exerted  by  the  swollen 
ring -cells,  and  the  consequent  rupturing 
Each  mother -cell  thus 


-Botrychium  Lun- 
ih  nat.  size.) 


Fig.  33S.  —  Polypodium  viilgure.  A, 
Mature,    B,    discharged  antheri- 
dium ;  p,  prothallium  cell;  1  and     £  i-j  ii 
2,  ring-shaped  cells  ;  3,  lid-cell;  C,      .  im-Ceil. 

a  spermatozoid  in  motion  ;  D,  one  ejected  liberates  a  Spirally  coilcd  sperma- 
tozoid. The  anterior  extremity  of  the 
spermatozoid  is  beset  with  numerous 
cilia,  while  attached  to  its  posterior  end  is  a  small  vesicle  which  con- 
tains a  number  of  granules,  and  represents  the  unused  remnant  of 
the  contents  of  the  mother-cell  (Fig.  338,  D,  C ;  Fig.  70,  B,  p.  67). 


fixed  with  iodine  ^solution.  (A, 
X  240  ;  C,Dx  540.) 
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The  archegonia  arise  from  the  many -layered  median  i)ortion  of 
older  prothallia.  They  are  developed  from  a  single  superficial  cell, 
and  consist  of  a  ventral  portion,  embedded  in  the  prothallium,  and  a 
neck  portion.  Tiie  neck,  which  projects  above  the  surface  of  the 
prothallium,  consists  of  a  wall  comjiosed  of  a  single  layer  of  cells 
made  up  of  four  cell  rows  (Fig.  339.  ./,  :  it  enclo^e-i  a  central  row 
of  cells,  the  neck-canal-cells. 


Fio.  330. — Polyjmltum  vulgan\    A,  Young  arcliej^oniuni  nut  yet  oi*en  ;  A",  neck^aual-cell : 
A'",  ventral  canal-cell  ;  o,  egg-cell ;  B,  mature  archegoniuin,  open,   (x  240.) 

The  ventral  portion  comprises  the  large  egg-ctdl  and  ventral  canal- 
cell  immediately  above  it.  As  the  archegonium  matures,  the  canal-cells 
become  disorganised,  and  till  the  canal  with  a  strongly  refractive 
mucilaginous  substance.  This  swells  on  the  admission  of  water,  an<l 
rupturing  the  neck  at  the  apex  is  discharged  from  the  archegonium, 
which  is  now  ready  for  fertilisation.  By  means  of  an  acid  excretion 
(malic  acid)  difiused  in  the  surrounding  water  the  spermatozoids  are 
attracted  to  the  archegonium,  and  penetrate  to  the  egg-cell.  After 
fertilisation  of  the  egg  by  one  of  the  spermatozoids,  the  egg-cell  sur- 
rounds itself  with  a  cell  wall,  and  without  entering  upon  a  condition  of 
rest  develops  into  the  embryo  of  the  ase.xual  generation,  as  already 
described  (p.  398,  Fig.  331).* 

Officinal. — The  only  representative  of  the  Ferns  is  ^Isjntliujn  jUir 

■lllt(s  (KlIIZoMA  FIMCIS). 


Tlie  W  ater-Ferns  include  only  a  lew  geneni,  wliich  are  more  or  less 
afpiatic  in  habit,  growing  either  in  water  or  marshy  places.  The  macro- 
and  micros})orangia  do  not  develop,  like  those  of  the  Filicc,<,  on  the 
under  side  of  the  leaves,  but  are  enclosed  in  special  receptacles  at  their 
base,  constituting  sporangial  fructifications  or  sporoearps.  To  designate 
this  order  l!/ii:nc(irjkir,  as  was  formerly  the  custom,  is  not  aj)propriate, 
as  the  sporocaips  do  not  arise  on  the  roots,  but  always  on  the  leaves. 


Order  2.  Hydropterideae  (Water-Ferns) 
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The  Water-Ferns  are  divided  into  two  families,  Marsiliaceae  and 
Salviniaceae,  each  of  which  includes  two  genera. 

Marsiliaceae. — Of  the  two  genera  belonging  to  this  family  the 
more  important  is  the  genus  Marsilia,  com- 
prising about  fifty  species,  of  which  M. 
quadrifoliata  (Fig.  340)  may  be  taken  as  an 
example.  This  species  grows  in  marshy 
meadows,  and  has  a  slender,  creeping, 
branched  axis,  bearing  at  intervals  single 
leaves.  The  young  leaves  are  coiled  at  the 
tip  (circinate) ;  in  this  respect  the  leaves  of 
the  Marsiliaceae  exhibit  the  same  mode  of 
growth  as  those  of  the  Ferns.  Each  leaf 
has  a  long  erect  petiole,  surmounted  b}^  a 
compound  lamina  composed  of  two  pair  of 
leaflets  inserted  in  close  proximity.  The 
stalked  oval  sporocarps  (s)  are  formed  in 
pairs  above  the  base  of  the  leaf-stalk,  or  in 
other  species  they  are  more  numerous  ;  they 
re])resent  a  fertile  leaf-segment  correspond- 
ing to  the  bi ju- 
gate sterile  leaf 
lamina.  The 
sporangia, 
united  in  sori, 
are  enclosed 
within  the  cap- 
sule, disposed 
in  two  rows  in 

correspondingly  arranged  cavities  ;  in  the 
young  fruit  each  chamber  opens  outwards 
on  the  ventral  side  by  means  of  a  narrow 
canal,  which  eventually  becomes  closed. 
The  sporangia  are  developed  originally,  as 
in  the  Fern,  from  superficial  cells,  but 
become  arched  over  by  the  surrounding 
tissue,  and  thus  subsequently  appear  as  if 
formed  in  internal  chambers. 

Pilularia,  the  second  genus  included 
in  .this  family,  grows  also  in  bogs  and 
marshes.  It  differs  from  Marsilia  in  its 
simple  linear  leaves,  at  the  base  of  which 
occur  the  spherical  sporocarps,  which 
arise  singly  from  the  base  of  each  sterile  leaf -segment  (Fig.  341). 

Salviniaceae.  —  This  family  contains  only  free  -  floating  aquatic 
plants  belonging  to  the  two  genera  Salvinia  and  Azolla.    In  Salvinia 


Fig 


340.  — Marsilia  quadrifoliata. 
a,  Young  leaf ;  s,  sporocarps. 
(After  BiscHOFF,  reduced.) 


Fig.  M\.—Pilularia  glohulifera. 
8porocarp.  (After  Bischoff 
duced.) 
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nataiL%  as  representative  of  the  first  genus,  the  sparingly  branched 
^tem  gives  rise  to  three  leaves  at  each  node.  The  two  upi)er  leaves 
of  each  whorl  are  oval  in  shape,  and  develoi>ed  as  Hoatiiig  foliage 
leaves  ;  the  third,  on  the  other  hand,  is  submerged,  and  consists  of  a 
number  of  i)endent  Hhimentous  segments  which  are  densely  covered 
witli  hairs,  and  assume  the  functions  of  the  missing  roots.  The 
spoiocari)s  have  an  entirely  diti'eivnt  mode  of  development  from  that 
of  the  Mnrsilviceae  ;  they  are  sj)herical,  and  are  borne  in  small  groups 
on  the  submerged  leaves  at  the  base  of  the  filamentous  segments 
(B^ig.  342).  The  sporangia  are  produced  within  the  sporocarp  from 
a  column-like  receptacle,  which  corresponds  in  origin  to  a  modified 
leaf -segment.  The  envelope  of  the  sporocarp  is  etpiivaleut  to  an 
indusium  ;  it  arises  as  a  new  growth  in  the  form  of  an  annular  wall, 


e 

A 

Vic.  34-J. -  >('/(•<;,(«(  it^'tidi.-.  A,  Sjf.-ii  Irniii  llif  sitli-  ;  7..  fmin  nUjw  (afui  lJi.-.<.  hkkk,  n-ilm-f"! )  ;  ■ 
an  ejiibryonic  plant;  msp,  niacro.si)oiv ;  p,  ]iri'thulUiini  ;  n,  stem  ;  fn,  ftj,  the  first  th;- 
leaves  ;  hi,  the  so-called  scutifonii  leaf,    (.\fter  riiiNt;.sni.iM.  x  15.) 

which  is  at  first  cup-shai)ed,  but  ultimately  closes  over  the  receptacle 
and  its  sorus  of  sporangia. 

The  second  genus,  AzoUa,  is  chieHy  tropical,  represented  Viy  small 
floating  plants  profusely  branched,  and  beset  with  two-ranked  closely 
crowded  leaves.  Each  leaf  consists  of  two  lobes,  of  which  the  up]>er 
floats  on  the  surface  of  the  water,  while  the  lower  is  submerged.  A 
small  cavity  enclosed  within  the  upi)er  lobe,  with  a  narrow  orifice 
opening  outwards,  is  always  inhabited  by  filaments  of  an  Alga 
{Anahaena).  From  the  fact  that  hair^  grow  out  of  the  walls  of  the 
cavity  between  the  algal  filaments,  the  existence  of  a  symbiotic  rela- 
tion between  the  two  plants  would  seem  to  be  indicated.  Unlike 
SdlciniUj  A:oUn  po.ssesses  true  roots  devel(»})etl  from  the  untler  side  of 
the  stem.  The  sporocarps  are  nearly  spherical,  and  produced  usually 
in  pairs  on  the  under  sitle  of  tlie  first  leaf  of  some  of  the  lateral 
branches. 
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In  the  structure  of  the  sporangia  and  spores,  and  in  the  development 
of  the  prothallia,  the  Hydropterideae  differ  in  many  respects  from  the 
Filices.  These  differences  may  be  best  understood  on  reference  to 
Salvinia  natans  as  an  example.  The  sporocarps  contain  either  numerous 
microsporangia  or  a  smaller  number  of  macrosporangia  (Fig.  343,  A, 
ma,  mi).  In  structure  both  forms  of  sporangia  resemble  the  sporangia 
of  the  leptosporangiate  Ferns ;   the}'  are  stalked,  and  have,  when 


VI 


Fig.  Z^'i.—Saldnia  natans.  A,  Three  sporocarps  in  median,  longitudinal  section;  ma,  niacro- 
sporocai-p,  mi,  microsporocarp  (x  S);  I>,  a  microsporangium  (x  55);  C,  portion  of  the  con- 
tents of  a  microsporangiiun,  showing  four  microspores  embedded  in  the  frothy  interstitial 
substance  (X  250);  D,  a  macrosporangium  and  macrospore  in  medium  longitudinal  section  (x 
55) ;  E,  apex  of  a  macrospore  ;  p,  perinium  ;  e,  exinium  ;  a,  proteid  grains  ;  n,  nucleus  (  x  240). 


mature,  a  thin  wall  of  one  cell -layer  but  no  annulus  {B,  D).  The 
MICROSPORANGIA  enclose  a  large  number  of  microspores,  which,  as  a 
result  of  their  development  in  tetrads  from  the  mother- cells,  are 
disposed  in  groups  of  four  (C),  and  embedded  in  a  hardened  frothy 
mass  filling  the  cavity  of  the  sporangium.  This  frothy  interstitial 
substance  is  derived  from  the  tapetal  cells,  which  gradually  lose  their 
individuality  and  wander  in  between  the  spore  mother-cells. 

The  microspores  are  not  discharged,  but  while  still  enclosed  within 
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the  unruptured  microsporangiurn,  each  germinating  microspore  puts 
out  a  short  tubular  male  pruthallium,  which  pierces  the  sporangial 
wall.  In  this  process  the  microsi)ore  first  divides  into  three  cells 
(Fig.  /-///);  the  lowest  (/)  then  cuts  off  a  small  lenticular- 

shaped  cell  (/),        which  may  be  re- 
^^'f^^^^  gartled  as  the  rudiment  of  an  unde- 

veloped root-hair  cut  ofl"  from  the  larger 
cell  ti.  The  latter  {<()  thereupon  elon- 
gates and  pushes  the  other  two  cells  (//, 
/// )  out  of  the  microsporangium.  These 
two  cells  each  give  rise,  by  further 
division,  to  two  sterile  cells  and  two 
spcrmatogenous  cells,  rej)resenting  two 
antheridia  with  their  resj»ective  sterile 
wall-cells.  Each  antheridium  produces 
four  spermatozoids,  which  are  set  free 
by  the  rupture  of  the 
the  whole  male 


Although 


cell  walls, 
prothallium 

is  thus  greatly  reduced,  it  nevertheless 
exhibits  in  its  structure  a  pronounced 
resemblance  to  the  i)rothallia  of  the 

Filices. 

The  MACROSPuiiANGlA  aic  larger 
than  tlie  microsj)orangia,  but  their  walls 
consist  similarly  of  one  cell-layer  (Fig. 
343,  D).  Each  macrosi)orangiuni  pro- 
duces only  a  single  large  macrospore, 
which  develops  at  the  expense  of  the 
numerous  s])ores  originally  formed.  The 
macrospore  is  <lensely  tilled  with  large 
angular  piH>teid  grains  (Jf,  A',  </),  oil 
globules,  and  starch  grains  ;  at  its  apex 
the  protoi»lasm  is  denser  and  contiins  the  nucleus  (A',  ii) ;  the  meni- 
Ijrane  of  the  spore  is  covered  by  a  dense  brown  exinium  {E,  r),  which 
in  turn  is  enclosed  in  a  thick  frothy  envelope,  the  j>erinium,  investing 
the  whole  spore  and  corres})onding  to  the  interstitial  substance  of  the 
microspores,  and  also  formed  from  the  dissolution  of  the  tapetal  cells. 
The  macrospore  remains  within  the  sporangium,  which  is  eventually 
set  free  from  the  mother  plant.  On  the  germination  of  the  macro- 
spore, a  small-celled  female  prothallium  is  formed  by  the  division  of 
the  denser  protoplasm  at  the  apex,  while  the  large  underlying  cell 
does  not  take  part  in  the  division,  but  from  its  reserve  material  pro- 
vides the  developing  j)rothallium  with  nourishment.  The  sj)ore  wall 
splits  into  three  valves,  the  sporangia  are  rujUured,  and  the  green 
l>rothallium  i)rotrudes  as  a  small  saddle-shaped  bod}'.  On  it  three 
archegonia  are  produced,  but  only  the  fertilised  egg-cell  of  one  of 


Ii.  344. — Salvinia  luitans.  Development 
of  the  male  prothallium.  A,  Division 
of  the  microspore  into  three  cells 
I-III(X  8G0);  IS,  latenil  view;  C,  ven- 
tral view  of  mature  prothallium  (x 
»')40).  Cell  /  has  divide<l  into  the  pro- 
thallium cells  a  and  ;» ;  cell  //,  into  the 
sterile  cells  b,  c,  and  tlie  two  cells  sj, 
each  of  which  has  formed  two  spenna- 
tozoid  mother-cells  ;  cell  ///,  into  the 
sterile  colls  il,  e,  and  the  two  cells 
The  cells  .s-jsi  an<l  .-•^^•<._>  represent  two 
antheridia;  the  cells  h,  c,  d,  e  their 
wall-cells.    (After  Belajefk.) 
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but  the  sporangia 
numerous  spores  of 


them  develops  into  an  embryo,  whose  foot,  remaining  for  a  time  sunk 
in  the  venter  of  the  archegonia,  finally  ruptures  it  (Fig.  345).  The 
first  leaf  of  the  germ-plant  is  shield-shaped  (Fig.  342,  C). 

The  development  of  Azolla  proceeds  in  a  similar  manner 
and  spores  exhibit  a  number  of  distinctive  peculiarities.  The 
the  microsporangia  are  aggregated 
into  several  nearly  spherical  balls 
or  massulae,  formed  from  the  inter- 
stitial substance  derived  from  the 
protoplasm  of  the  tapetal  cells. 
Each  massula,  enclosing  a  num- 
ber of  spores,  is  beset  externally 
with  barbed,  hook -like  out- 
growths of  the  interstitial  sub- 
stance. On  the  rupture  of  the 
sporangia  the  massulfe  are  set 
free  in  the  water,  and  are  carried 
to  the  macrospores,  to  which 
they  hook  themselves  fast,  A 
sporocarp  contains  one  macro- 
sporangium,  in  which  only  a 
single  macrospore  comes  to  matu- 
rity ;  in  the  course  of  its  develop- 
ment it  supplants  all  the  other 
spore-rudiments,  and  finally  the 
sporangial  wall  itself  becomes 
flattened  against  the  inner  w^all  of 
the  sporocarp,  frequently  under- 
going at  the  same  time  partial 
dissolution.  The  macrospore  is 
enveloped  by  a  spongy  perinium 
whose  outer  surface  exhibits 
numerous  depressions  and  pro- 
tuberances prolonged  into  fila- 
ments. At  the  apex  of  the  spore 
the  perinium  expands  into  three 
pear  -  shaped  appendages,  while 
the  upper  part  of  the  ruptured 
sporangium  remains  attached  to  the  spore  in  the  form  of  an  umbrella-like  expansion. 
The  formation  of  the  prothallia  is  effected  in  essentially  the  same  way  as  in  Sal- 
vinia,  except  that  only  one  antheridium  with  eight  spermatozoids  arises  on  each 
of  the  small  male  prothallia  protruding  from  a  massula. 

In  the  case  of  the  Marsiliaceae  the  prothallia  are  even  more  reduced,  but  other- 
wise their  mode  of  development  is  very  similar.  Each  of  the  minute  female 
prothallia  formed  at  the  apices  of  the  macrospores  produce  a  single  archegonium. 

The  sporocarps  of  the  Marsiliaceae  have  a  more  complicated  structure  :  those  of 
Pilularia  glohulifera  are  divided  into  four  chambers,  each  with  a  single  sorus  ;  in 
Marsilia  they  enclose  numerous  sori  (14-18)  disposed  in  two  rows.  The  sori  in 
both  genera  contain  both  micro-  and  macrosporangia,  while  those  of  the  Salviniaceae 
are  always  unisexual. 


Embryo  in  longitudinal  sec- 
S,  spore-cell ;  e,  exiniuni ;  p, 
perinium  ;  spiv,  sporangial  wall  ;  ar,  archegonium  ; 
embr,  embryo ;  /,  foot ;  hl^,  U2,  bh,  the  first  three  leaves  ; 
st,  apex  of  stem.   (After  Pringsheim,  x  100.) 
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Equisetinae  Horse-tails 

The  E'jitisetinae,  whicli  foiiu  an  entiivly  in<lependent  class,  include 
only  the  one  ;^eniis  Kquisttuin,  cunij»ri.siiij^  2")  species,  found  widely 
distributed  over  the  whole  world.  Developed  partly  as  land-,  partly 
as  swamp-plants,  they  may  always  be  distinguished  by  the  character- 
istic structure  and  habit  of  the  asexual  generation.  They  have  a 
branching,  underground  rhizome  on  which  arise  erect,  aerial  haulms, 

usually  of  annual  growth.  The 
rhizome  of  the  common  Horse-tail, 
E'/iiiscfum  arvensej  develops  also  short 
tuber-like  branches  which  function 
as  reservoii-s  of  reserve  material  and 
hibernating  organs  (Fig.  347,  2,  a). 
The  aerial  haulms  remain  either 
simple,  or  they  give  rise  to  branch 
whorls,  and  the.se  in  turn  to  whorls 
of  a  higher  order.  Kach  axis  con 
sists  of  a  series  of  elongated  inter 
nodes  ;  externally,  it  is  channelled 
by  longitudinal  furrows,  while  in- 
ternally it  is  traversed  by  a  central 
air-j)assage  and  by  a  number  of 
smaller  peri^jheral  pas.sages,  valle- 
cular  canals,  one  opposite  each  of 
the  furrows  (Fig.  346).  Between 
the  central  and  vallecular  canals, 
a?id  alternating  with  the  latter,  is 
a  circle  of  bicoUateral  vascular 
bundles,  each  of  which  is  thus  in 
a  line  with  a  surface  ridge.  P^ach  vascular  bundle  is  also  traversed 
by  a  longitudinal  water-j)assage,  the  carinal  canal. 

The  leaves  of  the  Kqiiisctiiuit',  both  in  their  structure  and  in  the 
manner  of  their  arrangement  on  the  .stem,  are  also  characteristically 
developed.  At  each  node  is  borne  a  wh<u*l  of  scale  leaves  i)ointed  at 
the  tips,  and  united  below  into  a  sheath  closely  enveloj)ing  tlie  haae 
of  each  internode.  The  leaves  of  the  successive  whorls  alternate 
regularly  with  each  other,  and  as  each  leaf  is  in  direct  continuation 
with  a  surface  ridge  of  the  next  lower  internode,  the  s.ime  alter- 
nating arrangement  is  apparent  in  the  ri<lges  of  two  successive  intcr- 
notles.  The  lateral  branches  are  develo|>ed  in  the  axils  of  the 
scale  leaves,  but  not  having  space  to  grow  upwards  they  ju'erce  the 
narrow  sheath.     As  a  result  of  the  reduction  of  the  leaf  lamina% 


Jtu. 


Fui.  S4i'i. —E<iiti:<etiim  nriTiise.  Traiisver>e  sec- 
tii)ii  tlirou^'li  the  stem,  m,  Ly.sigenic  medul- 
lary cavity  ;  e,  eiulixlermis  ;  cl,  caritial  canals 
in  the  bicollateral  bundles  ;  rl,  vallecular 
cavities ;  hp,  selerenchynjatous  strands  in 
the  furrows  and  riilj,'es  ;  i7i,  tissue  of  Un- 
primary  cortex  containing  chlorophyll;  st, 
rows  of  stomata.    (  x  11.) 
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the  haulms  themselves  assume  the  function  of  assimilation,  and  for 
that  purpose  their  cortical  tissue  under  the  epidermis  is  provided  \vith 
chlorophyll. 

The  SPORANGIA  are  formed  of  specially  shaped  leaves  or  sporo- 
phylls.  Like  the  scale  leaves  the  sporophylls  are  developed  in  whorls, 
but  are  closely  aggregated  at  the  tips  of  the  erect  fertile  shoots  into 
a  cone  (Fig.  347,  1,  a),  which  is  sometimes  spoken  of  as  a  flower, 
from  the  correspondence  in  its  structure  to  the  male  flower  of  the 
Conifers.  The  lowest  whorl  is  sterile,  and  forms  a  collar-like  pro- 
tuberance, which  may  be  regarded  as  a  modified  form  of  perianth. 
The  sporophylls  (Fig.  347,  3,  4)  are  stalked  and  have  a  shield-shaped 
lamina,  on  the  under  side  of  which  are  borne  the  sac-like  sporangia  (5- 
10).  In  the  young  sporangium  the  sporogenous  tissue  is  surrounded 
by  a  wall  consisting  of  several  cell  layers,  but  eventually  the  so-called 
tapetal  cells  of  the  inner  layers  become  disorganised,  and  their  proto- 
plasm penetrates  between  the  developing  spores.  At  maturity,  the 
wall  of  the  sporangium  consists  only  of  the  outermost  of  the  original 
layers  Avhose  cells  are  provided  with  annular  and  spiral  thickenings  ; 
the  sporangia  thus  resemble  the  homologous  pollen-sacs  of  Phanero- 
gams. The  sporangia  split  longitudinally,  and  set  free  a  large 
number  of  green  spores,  which  are  nearly  spherical  in  shape,  and  have 
peculiarly  constructed  walls.  In  addition  to  the  intine  and  exine, 
the  spores  are  overlaid  with  a  perinium  formed  from  the  protoplasm 
of  the  tapetal  cells,  and  consisting  of  two  intersecting  spiral  bands 
which  are  attached  to  the  spores  only  at  their  point  of  intersection 
(Fig.  347,  5-7).  On  drying,  the  spiral  bands  loosen  and  become 
uncoiled  ;  when  moistened  they  close  again  around  the  spore.  By 
means  of  their  h^'groscopic  movements  they  serve  to  hook  together 
the  spores,  and  in  this  way  is  assured  the  close  proximity  of  the 
unisexual  prothallia  which  they  produce. 

lu  certain  species  some  of  the  aerial  haulms  always  remain  sterile,  branching 
profusely,  while  others  which  produce  the  terminal  cones  either  do  not  branch  at  all, 
or  only  at  a  later  stage,  and  then  sparingly.  This  distinction  between  the  sterile  and 
fertile  haulms  is  most  marked  in  Equisetum  arvcnse  and  Equisctum  Telmateja,  in 
both  of  which  the  fertile  shoots  are  entirely  unbranched,  and  terminate  in  a  single 
cone  (Fig.  347,  1).  Resembling  in  their  mode  of  life  a  parasite  upon  the  rhizome, 
they  are  otherwise  distinguished  from  the  vegetative  haulms  by  their  lack  of 
chlorophyll  and  their  light  yellow  colour. 

The  spores  are  all  of  one  kind,  and  on  germination  give  rise  to 
thalloid  PROTHALLIA,  which  are  generally  dioecious.  In  the  adjoining 
figure  (Fig.  348)  a  male  prothallium  of  Equisetum  arvense  is  represented, 
showing  the  first  formed  antheridia  (a)  somewhat  sunk  in  the  tissue. 
The  female  prothallia  attain  a  large  size,  and  branching  profusely,  are 
prolonged  into  erect,  ruffled  lobes  at  whose  base  the  archegonia  are 
produced.  In  structure  the  archegonia  resemble  those  of  the  Ferns 
{ef.  Fig.  339,  p.  406),  but  the  upper  cells  of  the  four  longitudinal 
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Fic.  347. — Kiiuisetuin  arirnse.  1.  Fertih'  lintilins  t«>riiuiiatin^'  in  ihe  flowrr-conM  (" ) .  .>  -•.•  n.. 
ven»'t«tivf  liatiliii  ;  «r,  rhizome  IuIhts  ;  a,  s|Hir<ipliyU  with  siKiraiiK'ia ;  4,  sn<»n>|ihyn  with 
nipliiriMl  s|«inui'^ia  ;  '>,  r.,  7,  sjion  s  with  thi-  >i>inil  liamls  of  tlio  ix  riimim.    (AfltT  Wossii-i.o.) 


curve  iitroiiLily  outwaicls.    Tlio  ilcveloitineiit  uf  tlie  embryo  correspoml.'^, 
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also,  essentially  with  that  of  the  Fern-embryo,  except  that  the  first 
leaves  are  arranged  in  a  whorl  and  encircle  the  apex  of  the  stem. 
The  growth  of  the  embryo  is  effected  by 
the  division  of  a  three- sided  apical  cell 
(Figs.  162,  163,  pp.  149,  150). 

The  outer  epidermal  walls  of  the  stem  are  more 
or  less  strongly  impregnated  with  silica.  In 
Equisetum  hiemale,  and  to  a  less  degree  in  Uqui- 
setum  arvense,  the  silicification  of  the  external 
walls  is  carried  to  such  an  extent  that  they  are 
used  for  scouring  metal  utensils  and  for  polishing 
wood. 

Equisetum  giganteum,  growing  in  Soutli  America, 
is  the  tallest  species  of  the  genus  ;  its  branched 
haulms,  half  supported  by  neighbouring  plants, 
attain  a  height  of  over  ten  metres. 

The  extinct  Calamarieae,  which  form  a  special 
class  of  Pteridox)hyta,  and  resemble  most  nearly  tlie 
Equisctinae,  attained  their  highest  development  in 
the  Carboniferous  period.  Their  jointed  stems, 
similar  to  those  of  the  Horse-tails,  the  so-called 
Calamites,  attained  the  dimensions  of  a  tree  and 
bore  at  the  nodes  verticillately  -  leaved  branches. 
These  branches,  which  have  also  been  described  as 
special  genera,  Annularia  and  Asterophyllites,  may  in  part  have  belonged  to  smaller 
herbaceous  forms.  It  has  been  determined  with  certainty  that  the  sporophylls  of 
the  cones  of  some  species  bore  both  macro-  and  microsporangia  ;  while  other  species 
were  homosporous.  In  the  primary  structure  of  the  stems  the  Calamites  corre- 
spond essentially  with  the  Equisctinae,  but  ditl'er  from  them  in  possessing  secondary 
growth  in  thickness,  similar  to  that  of  Gymnosperms. 


Fig.  348. — Equisettim  arvense.  Male 
prothallium  with  three  aiither- 
idia,  a.  (After  Hofmeister, 
X  200.) 


Class  III 
Lycopodinae  (Club  Mosses) 

To  the  Lycopodinae  belong,  as  their  most  important  and  widely 
distributed  genera,  Lycopodium,  Selaginella,  and  Isoetes.  They  are  dis- 
tinguished from  the  other  Pteridophyta,  of  which  they  resemble  most 
nearly  the  eusporangiate  Filices,  by  their  general  habit  and  the  mode 
of  their  sporangial  de^opment. 

Unlike  the  fertile  leaves  of  the  Filicinae  and  Equisetinae,  which 
always  bear  numerous  sporangia,  the  sporophylls  of  the  Lycopodinae 
produce  the  sporangia  singly,  at  the  base  of  the  leaves  or  in  their 
axils.  Although  in  many  cases  scarcely  distinguishable  from  the  sterile 
leaves,  the  sporophylls  are  frequently  distinctively  shaped,  and,  like 
those  of  Equisetum,  aggregated  at  the  ends  of  the  fertile  shoots  into 
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terniiiKil  cone-like  flowers.  Compared  with  the  leaves,  the  sporangia 
are  relatively  large.  They  are  develoi)ed  in  the  same  way  as  those  of 
the  eusporangiate  Filins  and  J-Jqitisiiiit'iCj  from  a  projecting  group  of 
cells  derived  from  the  epidermis  and  the  underlying  tissue  ;  while  in 
all  other  J'tciii/ojthi/ta  the  sporangia  are  developed  from  a  single 
epidermal  cell.  The  innermost  layer  of  the  sporangial  wall,  the 
tai)etal  layer,  is  absorbed.  The  sporangia  have  no  annulus.  Except 
in  the  case  of  Isoftes,  whose  spores  become  free  l»y  the  decay  of  the 
sporangial  wall,  they  dehisce  l)y  longitudinal  slits,  which  divide  the 
sporangia  into  two  or  more  valves  ;  the  slits  occur  where  the  walls  of 
rows  of  cells  have  remained  thin.  The  sporangia  of  Ltjcopodiunt  are 
homosporous ;  those  of  other  Lf/rojuHliiKie  heterosporous.  The  hetero- 
sporous  forms  produce  only  greatly  modified  and  reduced  prothallia  ; 
in  the  genus  Li/cojwdiiini,  on  the  other  hand,  the  prothallia  are  essen- 
tially the  same  as  those  of  the  Filirm  and  Kqni.<(tar<iu\  In  the  develop- 
ment of  their  asexual  generation  the  heter()s})orous  Lyropodinae  resemble 
in  many  respects  the  heterosporous  Ilydnqderideae. 

The  dichotomous  branching  of  the  stems  and  roots  is  characteristic 
of  this  class  (B^igs.  IS,  19,  p.  19);  in  the  genus  Isoetes,  however,  the 
stem  is  not  only  unbranched  but  also  tuberous. 

Order  1.  Lycopodiaceae 

The  luunerous,  widely  distributed  species  of  the  genus  Lif  opt'diuni  . 
(Club  i\Ioss)  are  for  the  most  part  terrestrial  jdants ;  in  the  troj)ics 
epiphytic  forms  also  occur.  In  LyiopinUuin  clnndum,  one  of  the 
commonest  species,  the  stem,  which  is  thickly  covered  with  small,  awl- 
shaped  leaves,  creeps  along  the  ground  ;  it  branches  dichotomously, 
and  gives  rise  to  ascending  lateral  branches,  while  from  the  \nider 
side  spring  the  dichotomously  branched  roots  (Fig.  349).  The  tlower- 
cones,  consisting  of  the  closely  aggregated  sporophylls,  are  situated  in 
groups  of  two  or  more  at  the  eiuls  of  the  forked,  erect  shoots.  The 
sporophylls  are  not  like  the  sterile  leaves  in  shape  ;  they  are  broader 
anil  more  i)rolonged  at  the  U\) ;  each  bears  a  large  reniform  sporangium 
on  the  upper  side  at  the  base.  The  sporangium  oytews  into  two  valves 
b}'  a  transverse  slit,  and  lets  free  inimerous  minute  spores  (Fig. 
349,  2). 

Li/ntj)odiiiin  Si'luijo  ditVers  in  habit  from  the  other  species ;  its 
bifurcately-branched  stems  are  all  erect,  and  the  flower-cones  are  not 
distinct  from  the  vegetative  region  of  the  fertile  shoots. 

The  spores  of  the  Lycopodiums  are  all  of  one  kind,  and  in  conse- 
(juence  of  their  formation  in  tetrads  are  of  a  tetrahednil  though  some- 
what rounded  shai)e.    The  exine  is  covered  with  a  reticulate  thickening. 

The  mode  of  germination  and  ilevelopment  of  the  sexual  generation 
have  as  yet  been  determined  only  for  a  few  species.  The  prothallia  of 
Lijcopodiam  annutinum^  a  spfcits  nearly  related  to  L.  ilir<i1iiiii.  were 


SECT.  I 


CRYPTOGAMS 


417 


the  first  to  be  discovered.  They  live  as  saprophytes  and  have  the  form 
of  whitish,  subterranean  tubers  which  bear  the  sexual  organs  on  their 
upper  surface.  In  the  case  of  L.  inundatum  they  are  found  on  damp  peaty 
soil,  and  in  the  tropical  L.  cernmim,  with  erect  profusely-branched  shoots, 
the  prothallia  are  almost  devoid  of  chlorophyll  and  are  attached  to  the 
soil  by  rhizoids ;  they  have  the  form  of  small,  half-buried,  cushion-like 


Fig.  3-19. — Lycopodiuni  ckivatum.    1,  Plant  with  fertile  shoots  ;  2,  scale-like  sporophyll  with 
sporangium  ;  3,  spores,  highly  magnified.    (After  Wossidlo.  Officisal.) 

masses  of  tissue  which  give  rise  to  green  aerial  thalloid  lobes.  The 
archegonia  occur  at  the  base  of  these  lobes,  the  antheridia  on 
their  surface.  The  antheridia  are  somewhat  sunk  in  the  tissue  (Fig. 
350,  6'),  and  enclose  uujnerous  spermatozoid  mother -cells,  in  which 
small  biciliate  spermatozoids  are  formed.  The  archegonia  (Fig. 
3.50,  D)  are  constructed  like  those  of  the  Ferns,  but  have  a  shorter 
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neck,  whose  upper  cells  become  disorganised  on  opening.  The  pro- 
tlialliuin  of  L.  J'hh'tj/iunia,  found  on  trees  in  the  tropics,  is  also  sapro- 
ph}  tic.  It  consists  of  branching  strands  growing  under  the  bark  of 
trees,  and  is  characterised  by  the  possession  of  a  vegetative  mode 
of  jtroi)ugation  l)y  means  of  Vjrood- tubers.     The  prothallia  of  the 


Fig.  550.  —  Lycopodi urn  cfrnuum.  A,  rnithalliiiiii  wiih  two  archegonia  or,  and  an  aniheriilium 
an  (x  70);  B,  older  prothalliuni,  i>,  with  enibn'onic  plants  (x  15);  C,  section  through  an 
antheridiuin  (  X  250) ;  I*,  aroliegoniuni ;  o,  egy-c-  H  :  '  \  nil  canal-cell ;  *<■,  disorganised  neck 
canal-cell.    (After  Trei  b,  x  250.) 


Lycopodiums  are  mona^cious.  The  em))ryonic  development,  which  is 
effected  differently  from  that  in  tlie  Ferns,  agrees  closely  with  that  of 
Selai/inella  (Fig.  355).  A  SUSPENSOR  or  KMBRVe>-BK.\RER  is  developed  ; 
it  is  not,  however,  laterally  inserted,  but  occurs  on  the  contrary  at 
the  foot  end  of  the  enil>iyo. 

Officinal. — (Lycuimdhm),  the  spores  of  Ltjcopodium  davutum  and 
other  species. 

Order  2.  Selaginellaceae 

To  tills  order  belongs  the  genus  SehigintlUiy  represented  by  numerous 
and  tor  the  most  part  tropical  species.  They  have,  as  a  rule,  profusely 
forked,  creeping,  and  sympodially  l)ranrhed  stems,  but  occasionally 
erect,  branched  stems  ;  some  form  moss-like  beds  of  vegetation  ;  others, 
climbing  on  adjacent  plants,  possess  stems  several  metres  long.  In 
general  the  Selaginellas  are  similar  in  habit  to  the  Lycoi)odiums. 
They  have  small,  scale -like  leaves  which  usually  exhibit  a  dorsi- 
ventral  arrangement,  such  as  is  shown,  for  example,  in  the  Alpine 
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Selaginella  helvetica  (Fig.  351),  whose  stem  is  covered  with  two  rows  of 
small  dorsal  or  upper  leaves,  and  opposite  to  them  two  rows  of  larger, 
ventral  or  under  leaves.   The  development 
of  a  small,  membranous  ligule  at  the 
base  of  the  leaves,  on  their  dorsal  side,  is 
characteristic  of  the  Selaginellas. 

As  in  LycopodiiLm,  the  cones  or  flower- 
spikes  are  terminal.  Each  sporophyll 
subtends  only  one  sporangium,  Avhich 
springs  from  the  stem  above  the  leaf- 
axil.  The  same  spike  bears  both  kinds  of 
sporangia ;  the  macrosporangia  occur  in 
smaller  numbers  in  the  axils  of  the  lower 
sporophylls.  The  two  kinds  of  sporangia 
do  not  differ  so  much  in  size  as  in  form. 
Each  tnicrosporangium  (Fig.  352,  h)  has 
the  form  of  a  flattened  capsule,  and  open- 
ing in  two  valvQS  discharges  numerous 
microspores.  The  macrosporangia  (Fig. 
352,  «),  on  the  contrary,  are  spherical, 
and  each  contains  only  four  macrospores, 
which  are  produced  by  the  growth  and 
division  of  a  single  spore-mother-cell ;  all 
the  other  mother-cells  originally  developed 
ultimately  disappear.  On  account  of  the 
increasing  size  of  the  spores  the  macro- 
sporangia become  inflated  and  nodular.  At 
maturity  they  split  into  several  valves. 

The  microspores  begin  their  development  while  still  enclosed 

within  the  sporangium.  The  spore 
first  divides  into  a  small  lenticular 
vegetative  cell  representing  the  pro- 
thallium,  and  into  a  large  cell  which 
represents  the  rudiment  of  an  anther- 
idium  ;  the  latter  divides  successively 
into  eight  sterile  peripheral  cells  and 
two  or  four  central  spermatogenous 
cells  (Fig.  353,  A).  By  the  further 
division  of  the  central  cells  numerous 
spermatozoid  mother-cells  are  formed 
(B-D).  The  peripheral  cells  then 
break  down  and  give  rise  to  a  muci- 
laginous substance,  in  which  is  em- 
bedded the  central  mass  of  sperma- 
tozoid mother-cells  {E).  The  small 
prothallium-cell,  however,  persists.    Eventually  the  w^all  ruptures,  and 


Fig.  351.—^,  Selaginella  helvetica  (from 
nature,  nat.  size).  B,  Selaginella 
dentimlata,  embryonic  plant  with 
macrospore  still  attached.  (After 
BiscHOFF,  magnified.) 


Fig.  352. — Selaginella  helvetica,  a,  Open 
macrosporangium  showing  three  macro- 
spores  (the  fourth  hidden  from  view) ;  b, 
microsporangium  with  escaping  micro- 
spores,   (x  circa  10.) 
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the  mother-cells,  thus  liberated,  set  free  the  club-shaped  biciliat€  sj>er- 
matozoids  (/').  The  reduction  here  exhibited  in  the  formation  of  the 
male  |>r<jtluillium  resembles  that  shown  by  the  Hydrujitendtae  (p.  410). 

The  macrospores  similarly  l)egin  their  development  within  the 
sporangia.  Internally,  the  spore  is  filled  with  numerous  proteid 
grains,  while  the  nucleus  lies  in  the  peripheral  cytoi)lasm  at  the  apex. 
After  the  division  of  the  nucleus  into  daughter-nuclei  and  their 
distribution  in  the  apical  cytoplasm,  the  formation  of  cell  walls  begins. 
In  this  way,  progressing  from  apex  to  base,  the  sj>ore  becomes  tilled 
l>y  a  process  of  multicellular  foraiation,  with  large  prothallium-cells. 
At  the  same  time,  and  proceeding  in  the  same  direction,  there  begins 
a  further  division  of  these  cells  into  smaller  cells.    In  the  tissue  at  the 


Fig.  353. — A-E,  Selnginella  stolmu/em,  successive  stages  in  the  Kenuination  of  a  inicrosi»re  ; 
prothallium-cell ;  ir,  wall-cells  of  antheridium  ;  s,  8peniiato},'eiioiis  cells  ;  A,  B,  D,  lat<>nil  ;  ' 
dorsal  view.    In  E  the  iirotlialliuni-cell  is  not  visible,  the  disorganised  wall-cells  enclose  tl 
sperniatozoid  mother-cells  ;  F,  sperniatozoiils  of  Srluyinella  cuspidata.  (After  Belajefk.  A-f 
640,  F  X  7S0.) 

a\)ex,  consisting  of  small  cells,  the  nidiinents  of  a  few  archegonia 
appear,  often  even  before  the  formation  of  the  prothallium  has  been 
completed.  The  archegonia  are  usually  not  formed  until  the  s|>ores 
have  been  discharged  from  the  sjtorangium. 

The  formation  of  prothallia,  in  the  case  of  Sehiffinelhif  as  also  in  the 
related  genus  Jsm'tes,  is  thus  effected  in  a  different  manner  from  that 
in  the  other  rtiiidophfita,  and  it  aj)proaches  more  nearly  the  corre- 
sponding process  in  the  Conifers. 

The  wall  of  the  spore  eventually  bursts  at  the  a|H*x,  and  the 
l)rothalliuin  becomes  j)artially  juotiuded.  The  fertili.-^ation  of  one  or 
two  archegonia,  which  then  takes  place,  is  followed  directly  by  the 
segmentation  of  the  fertilised  egg -cells  in  the  formation  "f  tl;<> 
embryos  (Fig.  354). 

The  embiyogeny  of  ^<(hi(jimlhi  is  very  similar  to  that  of  Li/rnj,<^i,u,,,. 
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The  egg-cell  is  divided  by  the  formation  of  a  transverse  vrjill  in:  :'  two 
cells  ;  the  upper  and  larger  cell 
increases  considerably  in  size, 
and  gives  rise,  by  the  division  of 
its  lower  portion,  to  a  suspensor 
(Fig.  355,  d)^  while  the  lower 
epibasal  cell,  by  repeated  divi- 
sion,  develops  into  an  embryo, 
provided  with  two  primary 
leaves  and  further  segmented 
into  stem,  root  and  foot  {U, 
tf,  /).  The  foot,  in  this  in- 
stance, has  another  position  and 
origin  than  in  Lycopodium,  Each 
jirimary  leaf  has,  even  at  this 
stage,  a  ligule  {lig)  formed  by 
the  out^owth  of  the  leaf-base. 

The  suspensor  is  pei'pen- 
dicular  to  the  axis  of  the 
embryo ;  its  function  is  to  push 
the  embryo  into  the  tissue  of 
the  prothallium,  with  which 
the  foot,  the  organ  of  absorption,  is  thus  kept  in  close  contact.  The 


spm 


Fig.  a->L — Sdammetta  MartemsiL  Female  prothalliam 
imtrudiiig  firom  the  apes  of  the  roptnred  maero- 
spoie;  spm,  trail  of  macrospoie ;  or,  an  nofer- 
tilised  aichegoninm ;  ewtbi,  emb*.  two  emlHyos, 
with  saspeoaoas  ef,  sunk  in  the  tissue  of  the  iho- 
thalliam.   (After  Pfefteb,  x 


Fig.  S55. — Sdagimdla  MartensiL  Longitadinal  sectioai  of  an  emiHyo  befijre  its  sepazatimi  finom 
the  spore :  et,  suspensor ;  root ;  /,  foot ;  U,  leaves ;  Ug,  ligoles  ;  st,  apex  of  ston.  (After 
Pfeffee,  X  165.) 


Stem  apex,  with  the  fii'st  pair  of  leaves,  eventually  grows  upwards,  and 
the  root  also  extends  beyond  the  macrospore.    As  the  foot  still 
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remains  in  the  prothallium  the  young  plant  continues  united  to  the 
spore,  and  })re.sents  the  appearance  of  a  phanerogamic  seedling  with 
the  seed  still  attached  (Fig.  351,  li). 


The  second  genus  of  this  order,  Isoctes,  the  Quillwort,  comprises  i>erenmal  plants, 
growing  eitlier  on  damp  soil  or  submerged  in  water.  The  stem  is  short  and 
tuberous,  terminating  below  in  a  tuft  of  diehotomously  branching  roots,  and  above 

in  a  thick  rosette  of  long,  stitf  awl-shaj>ed 
leaves  (Fig.  356).  The  leaves  are  penetrated 
longitudinally  by  four  air- passages,  and  ex- 
pand at  the  base  into  a  broad  sheath.  On  the 
inner  side  of  the  leaves,  above  their  point 
of  insertion,  is  an  elongated  pit,  the  fovea, 
containing  a  large  sessile  sj»orangium.  A 
ligule,  in  the  form  of  a  triangular  membrane, 
is  inserted  above  the  fovea.  JsoeUs  thus  differs 
greatly  in  habit  from  the  other  genera,  but 
resembles  Selaginella  in  the  development  of  a 
ligule. 

The  macrosporangia  are  situated  on  the 
outer  leaves  of  the  rosette  ;  the  microsporangia 
on  the  inner.  Both  are  traversed  by  trans- 
verse plates  of  tissue  or  trabecuhe,  and  are  in 
this  way  imperfectly  divided  into  a  series  »>f 
chambers.  The  sjiores  are  set  free  by  tl- 
decay  of  the  si^rangial  walls. 

The  development  of  the  sexual  generation 
is  accomplished  in  the  same  way  as  in  Sdagi- 
ncUa.  The  reduced  male  jirothallium  arises 
similarly  within  the  s\yorv,  by  the  formation 
of  a  small,  lenticular,  vegetative  cell,  and  a 
larger  cell,  the  rudiment  of  a  single  anther- 
idium.  The  larger  cell  divides  further  int  > 
four  sterile  peripheral  cells,  which  comi»letely  enclose  two  central  si»eniiatogenou.s 
cells.  From  eacli  of  the  latter  arise,  in  turn,  two  spermatozoid  mother-cells,  four  in 
all,  each  of  wliicli,  when  liberated  by  the  ruitture  of  the  siK)re  wall,  gives  rise  to  a 
single,  spirally  coiled,  multiciliate  siH.'rmatozoid.  The  female  i»rothallium,  just  a> 
in  Selnijinella,  also  remains  enclosed  within  the  macros|>ore,  and  is  incajwibb- 
of  independent  growth.  It  shows  similarly  an  approach  to  the  Conifers,  in  that 
the  nucleus  first  divides  into  numerous  parietal  daughter-nuclei  before  the  gradual 
formation  of  the  cell  walls,  which  takes  place  from  the  ai>ex  of  the  si>ore  to  the 
base.  As  a  result  of  this  process  the  whole  sjiore  becomes  tilled  with  an  endosiK?rm- 
like  prothallium,  at  the  ajiex  of  which  the  archegonia  are  develojK-d.  The 
embryo  has  no  suspensor,  and  is  similar  in  many  resjK-cts  to  the  embryo  of  the 
Monocotyledons,  to  which  the  mature  plant  also  bears  a  strong  resemblance. 

The  Lcpidmlciulrcac,  an  extinct  family  of  arborescent  Pteridophytes  occurring 
chielly  in  the  Carboniferous  iH'riod,  belong  also  to  the  Lycop*MiiH(u.  They  were 
usually  sparingly  branched,  either  diehotomously  or  synJi»o«lially,  and  provided 
with  linear  or  lanceolate  leaves,  thus  resembling,  to  a  certain  extent,  gigantically 
developed  Club  Mosses.  Their  stems  increased  in  thickness  by  secondary  growth, 
and  were  covered  with  cushion-like  areas,  showing  the  scars  of  the  fallen  1-  l^•  - 


Fic.  350.  —  Isoetes  lacustris.    (i  nat.  size.) 
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Their  flowers  {Lcpidostrobtts)  had  the  form  of  scalv-leared  cones  ;  each  sf»orophyll 
bore  a  large  sporangium.    Many  forms  were  heterosporous. 

To  the  Lycopodiaa'i  mav  probably  be  assigned  also  the  Sigillanmf,  arborescent 
plants  resembling  the  Lcpidodendnay..  Their  stems  were  either  very  sf>ariiigly 
dichotomously  branched  or  entirely  unbranched,  and  were  characterised  also  by 
secondary  growth.  The  SigillarUae  were  probably  also  heterosporous.  They 
differed  from  the  Lepidodendreae  in  the  form  and  arrangement  of  the  leaf-scars, 
and  in  their  long-stalked,  cone-like  flowers  with  basally  expanded  sftorophylls. 

The  fossil  remains  of  the  Carboniferous  plants  known  under  the  name  of 
Stigmaria  correspond  to  the  roots  of  SigiUaruae  and  Lepidodendreat. 


PAET  II 
SPECIAL  BOTANY 

SECTION  II 
P  H  A  X  E  E  0  G  A  M I A 


SECTIOX  II 


PHAXEROGAMIA 

General  Character. — The  Phanerogams  follow  the  Pteridophytes 
without  any  sharply -defined  barrier,  representing  phylogenetically 
more  highly-developed  plant  forms.  Their  more  advanced  develop- 
ment is  limited  to  the  sporophyte,  or  asexual  generation,  which,  while 
still  retaining  a  distinct  segmentation  into  root  and  shoot,  exhibits 
more  extensive  differentiation  and  a  greater  variety  of  form,  especially 
in  the  formation  and  disposition  of  the  sporophylls,  than  in  the 
Pteridophytes.  On  the  other  hand,  this  has  been  accompanied  by  a 
reduction  of  the  sexual  generation,  resulting  in  the  complete  loss  of  its 
separate  individuality.  The  sexual  plant  has  been  reduced  to  a  few 
cells,  which  are  dependent  upon  the  sporophyte  for  their  existence. 
Their  recognition  as  the  degenerate  remnant  of  a  once  independent 
generation  was  the  result  of  a  comparative  investigation  of  their  mode 
of  development. 

The  Spore-forming  Generation. — The  vegetative  segmentation  of 
the  Phanerogams  has  been  already  sufficiently  described  in  the  section 
on  General  ^lorphology.  Attention  will  only  be  given  here  to  the 
organs  functioning  in  the  service  of  reproduction  and  dissemination  of 
the  spores,  as  they  alone  are  specially  characteristic  of  the  Phanerogams 
as  a  distinct  class. 

The  Phanerogams  are  all,  without  exception,  heterosporous.  As 
in  the  Selagindhu'eac,  macrospores  and  microspores  are  ahvays  pro- 
duced by  different  sporophylls,  which,  for  the  most  part,  are  borne 
on  the  same  shoot,  although  sometimes  they  arise  on  separate  axes  or 
even  on  distinct  male  or  female  plants.  The  spores  are  also  formed  in 
sporangia,  which,  just  as  in  the  Pteridophytes,  represent  organs  sui 
gem  lis. 

The  male  sporophylls  of  the  Phanerogams  are  known  as  stamens  ; 
the  female  sporophylls  as  CARPELS.  Xotwithstanding  their  different 
designation,  the  staminal  and  carpellary  leaves  are  in  every  respect 
homologous  with  the  sporophylls  of  the  Pteridophytes,  and  are  to  be 
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regarded  phylogenetically  as  metamorphosed  foliage-leaves,  although 
in  most  cases  they  in  no  wise  resemble  them,  and,  like  the  sporophylls 
of  the  Equisdaccae  and  most  of  the  Lt/copoduiceae,  they  serve  merely  to 
produce  and  bear  the  spores.    Staminal  and  carpkll.\ry  lkavks 

SPi;iN(;  FKOM  THE  SI  MMIT  UF  AN  AXIS,  THE  FURTHER  GROWTH  OF 
WHICH,  KXCKPT  IN  THE  FEMALE  FLoWEKS  (>F  CYCAS,  IS  TERMINATED 

15V  THKIR  PKi)l)U(Tl(»N  ;  they  are  closely  aggregated,  usually  in  whorls, 
but  less  frequently  they  assume  a  sj)iral  arrangement. 

In  the  majority  of  cases  the  reproductive  axis  gives  rise  im- 
mediately below  thi"  stamens  and  carpels  to  other  special  leaves,  which, 

although  themselves  sterile, 
are  functionally  connected 
with  the  sporoj)hylls,  and 
similarly  exhibit  an  essential 
dissimilarity  to  foliage-leaves. 
Like  the  sporophylls,  which 
at  times  become  modified  into 
similar  sterile  leaves,  these 
leaves  almost  always  sj»ring 
from  the  axis  in  whorls,and  in 
other  respects  they  show  a 
closer  relation  to  the  sporo- 
j)hylis  than  to  the  foliage- 
leaves.  Collectively  they  form  - 
the  PERIANTH  (Fig.  3')7,  r). 
The  SHOOT  or  part  of  a 

SHOOT  COMPRISING  THE  PERI- 
ANTH, THK  SPOROPHYLLS,  AND  THE  PORTION  OF  THE  AXIS  FROM  WHICH 

THKY  SPRING,  IS  TERMED  A  FLOWER.  If  the  peHauth  is  lacking,  the 
riower  is  naked.  The  stamens  of  a  tlower  are  designated  collectively  the 
ANDR(ECirM,  the  carpels  constitute  the  gyno-x  ium.  When  both  andrre- 
cium  and  gyna^cium  are  reju'esented  in  the  s;ime  Hower,  the  fiowcr  is 
HERMAPHRODITE ;  in  that  case  the  gyna^cium  occupies  the  centre 
of  the  tiower.  When  either  the  andrcecium  alone  or  the  gyn(ecium 
alone  is  present,  the  tiower  is  UNISKXI'AL  or  diclinoI  s.  If  diclinous 
Howers  of .  both  sexes  occur  on  the  same  plant,  it  is  said  to  be 
MON(ECl(H's.  If,  however,  a  plant  produces  Howers  of  one  sex  only  it 
is  termed  DHF:('lors  ;  on  the  other  hand,  if  it  develops  at  the  same 
time  both  unisexual  and  heniiaplirodite  flowers,  it  is  termed  POI.Y- 
GAMors. 

From  the  constant  occurrence  of  Howers,  it  is  often  customary  to 
refer  to  the  riianerogams  as  the  Floweiunc;  Plants.  It  must  not, 
however,  be  concluded  that  this  is  characteristic  of  the  Phanerogams 
alone,  for  the  aggregated  sporophylls  of  the  cones  of  the  J-Ji/uist  fiirrae  or 
oi  the  spikes  of  the  Lycopod'uicmc  also  exhibit  all  the  essential  charac- 
teristics of  Howers,  although  in  a  less  advanced  degree  of  development 


Fifi.  3;>7. — Flower  of  J'neonin  peregrina,  in  longituiliiial 
section,  k  and  r,  Perianth  a,  andra'cimn  »/,  i^u- 
cecium.    (Nat.  size.) 
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1''^-  PP-  ^1^^  *•  The  tlowei^s  of  the  Gymnosperms  in  fact  show  but  a 
small  advance  from  the  tiower-cones  of  the  Pteridophytes,  while  those  of 
the  Angiosperins  differ  from  them  only  in  the  more  pronoimced  metamor- 
phosis of  their  various  parts.  A  rose,  or  the  complicated  Hower  of  an 
Orcliid,  represents  the  more  highly  developed  forms  of  an  ascending 
but  continually  diverging  series,  which  originated  in  the  Pteridophytes. 
The  first  indication  of  a  tendency  to  form  a  flower  is  manifested  by 
some  of  the  Ferns,  t.>j.  BUchnunu  in  which  the  fertile  leaves,  separated 
from  the  sterile,  are  united  in  a  rosette  crowning  the  apex  of  the  axis. 

The  microsp^rangia  of  Phanerogams  are  termed  pollex-SACS  ;  the 
microspores,  pollen-grains,  or  collectively  pollen.  The  development 
of  the  poUen-sacs  and  pollen-grains  (Fig.  358)  is  eflected  in  the  same 
way  as  the  homologous  reproductive  organs  of  the  Pteridophytes.  A 


Fi5.  S5S. — HrmerwdRii  fmlm.  A,  Transverse  s^tion  o:  ...  .-  .  .  >:  ripe  anther,  showing  the  loculi 
raptTiJ«d  in  cnttiiig;  |>,  partition  wall  between  the  locali :  groove  in  connective  :  /"  vascular 
bundle  (  x  14) :  R,  transrerse  section  of  jtwrng  anther  (  x  :^S) :  C,  part  of  transverse  section  of  a 
pollen-sac ;  jwm,  poDen  mother-cells ;  t.  tapetal  layer,  later  undergoing  dissolution :  '■.  inter- 
mediate parietal  layer,  becoming  nltiniately  compressed  and  disorganised  :  j\  parietal  layer  of 
eventually  fibrous  cells  epidermis  (x  240):  D  and  E,  pollen  mother-cells  after  division 
(X  240X 

cell  layer,  directly  under  the  epidermis  of  the  spjorophylls.  becomes 
divided  by  tangential  walls  into  two  layers,  the  outer  of  which 
constitutes  the  wall  of  the  sporangiimi,  the  inner  the  spore  mother- 
cells.  The  latter,  by  repeated  division,  give  rise  to  the  pollen 
mother- cells,  which  further  divide  each  into  four  pollen -grains. 
Although  the  poUeu-grains  sometimes  remain  united  in  tetrads 
(Fig.  359,  A\  they  are  generally  isolated,  and  have  the  appearance  of 
round  or  elongated  bodies,  which  are  at  first  unicellidar  (Fig.  359,  B. 
360),  but  eventmilly,  in  consequence  of  the  formation  of  a  reduced 
male  prothaUium,  become  multicellidar. 
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Each  pollen -grain  is  provided  with  a  delicate  wall,  which  is 
diflereiitiated  into  a  cuticularised  KXINK,  and  an  INTINE  consisting 
chieriy  of  ])ectose.  The  surface  of  the  pollen-grain  is  freqnently 
studded  with  projecting  points  or  warts,  or  beset  with  delicate  and 
regularly  (lisjjosed  outgrowths  (Fig.  SoO,  7>).  In  addition,  thinner 
>sp()ts  (Fig.  359,  B)  or  areas  defined  hy  a  lid-like  covering  (Fig.  3GU,  B) 


Fig.  Sb'd.—A,  Polleii-},Tiiin.s  of  the  Heather  Fio.  300.— .4,  Pollen  pTiiii  orCnn<ri;i7a /V;«o(x  2'I0); 

(CiUluna  vulyoris),  coherinj;  in  tetnuls  ;  />',  />',  section  of  i»ollen->nTiin  o{  Cucurbila  trmicom, 

simple  poUeii-yraiiis  of  tlie  Lime  {TitU>).  showing;  one  of  the  lid-like  areas  through  which 

(x  350.)  the  ix)llen-tub«'s  protnule  (  x  MO). 

often  occur  in  the  walls  of  the  pollen-grains,  tlu*y  fulfil  an  ini}>ortant 
office  as  (ikum-PouKS  in  facilitating  the  j)rocesses  of  fertilisation. 

The  niacros[)orangia  of  Phanerogams  constitute  the  seed-rudiments, 
and  are  called  OVULES.  They  usually  arise  on  the  margins  of  the 
cari)els,  and  are  either  free  or  entirely  enclosed  by  them.  The  first 
case  is  characteristic  of  the  class  of  the  Gymnosperms ;  the  second  of 
the  Angiospeims. 

An  ovule  (Fig.  3G1),  when  ready  fur  fertilisation,  is  rejiresented 


I'll  .  I'l  l     I  »i.ij,'nims  of  the  ovule.   .1,  AtrojH)iis  ;      anatroi>ous  ;  f,  c«nipylotn)iKtu-.  :      '  ;i>  r.  j  v  !<■  : 
I,  int<>t;uinent«  ;  n,  nucelliis  ;  cA,  chahiza  ;  /,  niniculus ;  r,  raphe. 

by  an  ellii)Soidal  body  attached  to  the  carpel,  usually  by  a  stalk,  the 
FUNICULUS  (/).     The  central  portion  of  tl»o  ovule  is  occupied  hy  a 
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club-shaped  mass  of  tissue  termed  the  nucellus  {n).  Enveloping  the 
nucellus  are  one  or  two  sheathing  coats,  the  INTEGUMENTS  {i),  which 
spring  from  its  basal  portion,  the  so-called  chalaza  {ch).  The  integu- 
ments are  prolonged  beyond  the  nucellus  as  a  short  neck  traversed  by 
a  canal  known  as  the  micropyle  {m). 

Sometimes  the  axis  of  the  ovules  forms  a  continuous  line  with  the 
funiculus,  the  nucellus  is  then  straight  (Fig.  361,  A),  and  is  said  to  be 
ATROPOUS  (orthotropous).  If  the  funiculus  curves  sharply,  immediately 
below  the  ovule,  so  that  both  lie  side  by  side,  the  ovule  is  inverted  or 
ANATROPOUS  {B).  In  this,  the  most  frequent  case,  the  funiculus  is  in 
part  adherent  to  the  outer  integument,  and  forms  a  suture  or  raphe 
on  the  seed  along  the  line  of  contact  (r).  Less  frequently  the  ovule 
is  campylotropous  (C),  and  is  itself  so  curved  that  the  chalaza  and 
microphyle  do  not  lie  in  the  same  straight  line. 

As  a  rule,  only  one  macrospore,  the  so-called  embryo -sac,  is 
formed  in  each  nucellus.    Unlike  the  macrospore  of  the  Pterido- 

PHYTES,  THE  EMBRYO-SAC  ALWAYS  REMAINS  ENCLOSED  IN  THE  MACRO- 
SPORANGIUM,  AND  IS  ORGANICALLY   UNITED  WITH  IT.      In  a  few  caseS 

several  embryo-sacs  are  produced  in  the  same  nucellus. 

The  Sexual  Generation — Fertilisation  and  its  Results. — The 

germinating  pollen-grain  usually  undergoes  but  one  division,  from  Mdiich 
results  the  formation  of  two  cells  of  unequal  size.  The  small  cell  cor- 
responds to  the  antheridium  of  the  Pteridophytes,  and  eventually  gives 
rise  to  two  generative  cells  homologous  to  the  spermatozoa,  and  serving 
the  same  purpose.  They  are  devoid  of  cilia  and  non-motile. 
The  larger  cell  represents  the  whole  vegetative  portion  of  the  pro- 
thallium  and  undergoes  no  further  division. 

The  pollen-sacs  by  this  time  have  attained  maturity,  and  dehiscing 
by  fissures,  less  frequently  by  pores,  liberate  the  pollen,  which  are  then 
dispersed  by  wind,  or  carried  away  by  water,  or  distributed  by  means 
of  insects.  Although  a  greater  part  of  the  pollen  is  lost,  some  of  the 
grains  are  in  this  way  carried  to  the  special  portion  of  the  gynoecium 
adapted  for  their  reception  (p.  281).  In  the  Gymnosperms  the  micro- 
pyle is  the  receptive  portion  ;  in  the  Angiosperms  it  is  the  stigma  or 
certain  areas  of  the  carpels  which  are  specially  adapted,  by  the  excre- 
tion of  a  viscid  fluid,  for  the  reception  of  the  pollen.  In  either  case,  by 
the  protrusion  of  the  intine  of  the  vegetative  cell  through  the  germ- 
pores,  tubular  outgrowths,  the  pollen-tubes,  are  formed  which,  often 
after  traversing  a  considerable  distance,  conduct  the  two  generative  cells 
to  the  egg-cell.  The  Phanerogams  have  accordingly  been  termed  by 
Engler,  Siphonogams  {Emhryophyta  sij^honogama).  Pollen-grains  will 
also  develop  pollen-tubes  in  a  sugary  solution  or  fruit  juice.  The 
direction  taken  by  the  growing  tubes  is  probably  determined,  like 
the  movement  of  the  spermatozoa,  by  chemotactic  stimuli. 

A  FEMALE  PROTHALLIUM  with  one  or  more  egg-cells  is  produced 
in  the  embryo -sac.     The  process  is  not  the  same  in  Angiosperms 
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as  in  Gymnosperms.    Fertilisation  is  effected,  as  throughout  the 

whole  vegetable  kingdom,  hy  the  fusion  of  the  protoplast  of  a  mule 
generative  cell  with  an  egg-cell  (//.  p.  G7). 

The  fertilised  egg-cell  gives  rise  to  the  embryo,  which,  while  still 
enclosed  within  the  embryo- sac,  acquires  a  considerable  size  and 
ditiV'rentiati(jn.  After  the  embryo  has  attained  a  definite  stage  of 
development,  varying  in  ditierent  species,  its  further  growth  ceases,  and 
])arting  with  its  constituent  water,  it  passes  into  a  dormant  condition, 
from  which,  after  the  lapse  of  a  longer  or  shorter  period,  it  emerges 
only  when  abundantly  supplied  with  water.  The  other  j)arts  of  the 
ovule  also  increase  in  size,  after  fertilisation  has  been  effected,  and 
undergo  extensive  internal  modification.  As  a  result  of  the  changes 
iiitident  U})on  fertilisation,  the  ovule  becomes  converted  into  a  SKKD. 

Tin;  DKVELoPMKNT  <>!'  SEEDS,  UK  ENCLOSED  MArRnsl'UKAN(;lA 
(•()MAIMN(i    E.MIiKYlJS,    IS    A    DISTINCTIVE    CHARACTERISTIC    OF  THE 

PHANEROfiAMS.  In  conformity  with  this  distinction,  they  are  also 
termed  Seed -plants  or  Spermaphvtes. 

The  essential  ])aits  of  the  seed,  which  are  always  present,  are  the 
seed  -  coats  developed  from  the  integuments  of  the  ovule  and  the 
embr3^o  (Fig.  3Gi',  />').    In  many  cases  there  also  arises,  from  the 


Fk;.  S&l.—Cdinklln  htiiMi.  j«(.s■^./•^^.  .1,  LoM'^i- 
tiKlinal  section  of  a  ripe  seed  ;  h,  liyi»<x-nt.vl  ; 
c,  f(jtyle«lous ;  i<,  vascular  bundle  of  the 
fuiiide  (x  •-'«»):  B,  longitudinal  section  of 
the  seeil-coat,  after  treatment  with  water ; 
r,  the  swollen  epidennis ;  c,  brown,  stnmgly 
thickened  layer;  conipressi-d  layer  of 
cflls  ;  (r,  aleumiie  ^niins  (  x  iMi'). 


Fl.i.  3<-.;i.     .1.  >.  .  .1  ..f  //y."    •  V 
the  iJicolyliHlonous  en. 
endosiK*nn  ;  K,  seed  of  / 

envelojied  by  a  thin  aril;  the  while,  uieaiy 
I>erisi»enn  next  to  the  Mvd-coiit  encUMnw  an 
oleapiuius  endos|ienn  (shade«i),  in  which  Ui# 
Mi>noc<>tyl«iluii..us  embryo  lies  eniliedded. 
(Aft<-r  \ir.Ri.  aiiil  S<  iimiht,  ma>mifle<l.> 


cliala/.a  of  the  fertiliseil  ovule,  a  tleshy  envelope,  the  seed-mantle  or 
AKiLLl  s.  Frequently  a  parenchyma  rich  in  nutritive  material  is 
formed  between  the  embryo  and  the  seed-coats.  When  this  nutritive 
tissue,  or  so-called  ALIUMKN,  is  derived  from  the  nucellus,  it  is  termed 
the  PEinsi'EKM  (Fig.  3()3,  />')  ;  when  develnpetl  within  the  embryo-sac, 
the  ENDOSPERM  (./).  If  the  seed  is  provided  with  neither  endosjierni 
nor  perisperm  (Fig.  302,  the  cells  of  the  embryo  itself  are  filled 
with  accumulated  reserve  material. 
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The  influence  exerted  by  fertilisation  is  not  restricted  solely  to  the 
formation  of  the  seed.  Other  parts  of  the  flower  also  undergo 
modification  and  are  adapted  to  new  functions,  such  as  the  protection 
and  dissemination  of  the  seeds ;  while  those  parts  which,  after  polli- 
nation, are  no  longer  of  service,  ultimately  wither. 

The  product  of  the  changes  induced  by  fertilisation  in 

THE  persistent  PARTS  OF  THE  FLOWER   IS  TERMED  A  FRUIT.  The 

formation  of  fruit,  as  well  as  the  development  of  seeds,  is  an  essential 
characteristic  of  phanerogamic  plants.  Like  the  flower  from  which  it 
is  produced,  the  fruit  may  also  have  a  more  or  less  complicated 
structure.  In  the  simplest  cases  it  consists  solely  of  the  carpels 
{e.g.  Cruciferae),  which,  with  the  seeds,  always  constitute  the  essential 
part  of  the  fruit.  Sometimes  the  flower-axis  performs  an  important 
part  in  the  formation  of  the  flower,  particularly  in  perigynous  and 
epigynous  flowers  (e.g.  Eose,  Apple).  Less  frequently,  the  leaves  of 
the  perianth  are  transformed  into  part  of  the  fruit,  as  in  Spinach, 
when  they  form  a  hard,  spinous  envelope  about  the  gynoecium.  The 
androecium,  on  the  other  hand,  always  disappears  after  pollination 
has  been  accomplished. 

The  once  prevalent  custom  of  considering  the  fertiKsed  gynoecium  alone  as 
the  fruit  is  productive  of  great  confusion.  According  to  this  vieAv,  only  the 
central  portion  of  an  Apple,  for  example,  constitutes  the  fruit;  while  the  larger, 
peripheral  portion,  derived  from  the  modified  axis,  would  not  be  regarded  as 
belonging  to  it.  The  definition  of  a  fruit  given  above  is  that  adopted  by  Eichler. 

The  seed,  as  a  rule,  falls  to  the  ground,  where,  after  a  longer  or 
shorter  interval,  it  changes  from 
its  dormant  state  into  an  active 
condition  of  life.  This  process 
is  termed  germination.  The 
seed-coats  are  ruptured  and  the 
embryo  develops,  without  other 
interruption  than  that  occasioned 
by  climatic  changes,  into  the 
seed-producing  plant  (Fig.  364). 

General  Classification.  — 
The  Phanerogams  are  divided 
into  the  two  unequally  large 
classes,  Gymnosperms  and  Angio- 
sperms.  The  Gymnosperms  are 
the  older  class  and  occupied  a 
more  important  position  in  earlier 
geological  ages  than  at  the  pre- 
sent time ;  they  now  include 
only  a  few  hundred  species.  In  accordance  with  their  greater  age,  they 
exhibit  a  closer  alliance  to  the  Pteridophytes  than  do  the  Angiosperms, 

2  G 


Fig 


Thuja  occidentalis.  A,  Seed  in  longi- 
tudinal section  ;  c,  cotyledons  ;  v,  plumule  ;  h, 
hypocotyl;  r,  radicle:  B-E,  dififerent  stages  of 
germination. 
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wliich  comprise  the  most  highly  developed  of  all  plants  and,  pre- 
tloiniiiating  both  in  the  number  of  species  and  individuals,  have  pro- 
duced the  chief  part  of  all  the  vegetation  since  the  Tertiary  Period. 

Class  I 
GYMNOSPERMAE 

The  flowers  of  the  Gymno-spernis  are  always  unisexual  and  naked, 
or  in  rare  cases  {Gnetamie)  provided  with  a  small,  insignificant 
perianth. 

The  male  Howers  consist  most  frequently  of  long  shoots  with  a 
larger  or  smaller  number  of  spiral  or  whorled  scaledike  staminal  leaves 
(Fig.  365,  A  J  C),  bearing  on  the  under  side  two  or  more  pollen-sacs. 


Fic.  305.— 7'i/ii(.<!  Pttmilio.    A,  Longitudinal  section  of  a  nearly  mature  male  flower  (x  10);  r 
longitudinal  section  (x  20),  ('  transvers»'  section  (x  '27)  of  a  staminal  leaf;  />,  iiollen-graiu  of 

Pinus  siltrslris  {x  A00\ 

The  pollen-grsiins  are  generally  spherical,  and,  in  some  genera,  are  pro- 
vided with  two  bladder-like  j>rotrusions  of  the  exine,  which  are  filled 
with  air  and  facilitate  their  dispersal  by  the  wind  (/>). 

The  germinatitig  })()llen-grain  undergoes  division  and  forms  two  or 
more  prothallium-cells  invested  with  cellulose  walls.  One  of  these 
cells  assumes  an  antheridial  character  and  divides  into  two  generative 
cells,  corresponding  functionally  to  spermatozoa. 
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The  female  flowers  resemble  the  male 
carpels  are  generally  scale-like,  outspread, 
and  never  united ;  they  bear  a  varying 
number  of  ovules,  most  frequently  two 
(Fig.  366). 

The  embryo  -  sac  enclosed  in  the 
basal  portion  of  the  nucellus  (Fig.  367, 
nc)  gives  rise  by  a  process  of  multicellular 
formation,  preceded  by  free  nuclear  divi- 
sion, to  a  parietal  cell-layer,  and  by  the 
increase  of  this  layer  to  a  female 
PKOTHALLIUM,  which  completely  fills  the 
embryo- sac  (e).  Special  cells  of  the 
prothallium,  situated  at  the  apex  of  the 
embrvo-sac,  then  become  converted  into 


in  general  structure.  The 


nc 


t 

\ 
\ 

\ 

&  

'■  ■ 

c 

0 

! 
i 

9 

m 


.  V 

Fig.  367.— Median  longitudinal  section  of  an  ovule  of 
Picea  vulgaris,  c,  Embryo -sac  filled  with  endo- 
sperm ;  a,  archegonium  showing  ventral  (o)  and  neck 
portion  (c) ;  nucleus  of  egg-cell ;  nc,  nucellus;  p, 
pollen-gi-ains  ;  t,  pollen-tube  ;  i,  integument ;  s,  seed- 
wing. 

plane  ;  these  by  transverse  divisions  give 


Fig.  366.—Pinus  silvestns.  fr,  Fertile 
scale  with  two  ovules  (s) ;  m,  pro- 
longations of  the  integument  of  the 
ovules;  c,  mucro  ;  h,  cover- scale. 
(X  7.) 

ARCHEGONIA.  Each  ARCHE- 
GONIUM consists,  as  in  the 
Pteridophytes,  of  a  ventral 
portion  containing  the  egg- 
cell,  of  a  neck,  in  this  case 
composed  of  fewer  cells,  and 
of  n  ventral  canal-cell  (Fig. 
367). 

Fertilisation  is  effected 
in  the  manner  common  to 
all  Phanerogams,  by  the 
entrance  into  the  arche- 
gonium of  a  male  cell  from 
the  pollen-tube  and  its  union 
Avith  the  egg-cell  (Fig.  368, 
B,  C). 

The  nucleus  of  the  em- 
bryo, arising  from  the  fusion 
of  the  male  and  female 
nuclei,  twice  undergoes  bi- 
partition,  usually  in  the  end 
of  the  egg-cell  opposite  the 
neck  of  the  archegonium, 
and  thus  four  cells  are  pro- 
duced lying  in  the  same 
rise  to  several  tiers  of  cells. 
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The  four  cells  of  one  of  the  uppermost  tiers  elongate  into  four  long 
tubes,  and  push  the  cells  destined  to  become  the  rudiments  of  an 
embryo  deep  into  the  tissue  of  the  prothallium.  From  these,  by 
further  division,  either  a  single  embr3'o  arises  or,  by  the  longitudinal 
division  of  the  embrvonic  rudiment,  four  cmbrvos  are  formed,  oidv 


.<f/i 


t 


on 


Fii..  3<.>.-y,'.  "  (  -I,  K^^-ri  il  Willi  nucleus  (<>»i)  aii<l  wuiral  canal-cell  (<0 ;      •vw^*'!'  »" 

proct'ss  of  fertilisation  ;  <>/i,  nucleus  of  eJ^.^' ;  sn,  the  male  nucleus  which  has  {lasseU  tttnn  tl»e 
IMjllen-tube  0')  into  the  egg-cell;  C,  later  sUge,  showing  the  two  nuclei  in  process  of  fu«ion  ; 
IJ,  lower  i>art  of  egg,  showing  two  of  the  four  nuclei ;  F,  succensive  stages,  resulting  inlthe 
formation  of  four  rows  of  cells  (two  only  visible)  Rrrange«l  in  tiers  ;  C,  the  cells  of  the  middle 
tier  have  elongated  and  pushed  the  lower  tier  of  cells,  which  have  undergone  division,. int<« 
the  endosi)erm.    (x  00.) 

one  of  which,  iiowever,  attains  its  full  development.  Even  when 
several  arclu'gonia  are  fertilised,  as  is  usually  the  case,  the  mature  seed 
contains  only  one  embryo,  by  which,  in  the  course  of  its  growth,  the 
rudiments  of  all  the  other  embryos  have  been  supplanted. 

The  KMr.nV(t  of  the  ripe  seed  is  provided  with  two  or  several 
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cotyledons.  The  prothalliura,  sometimes  called  the  endosperm, 
envelops  the  embryo,  and  serving  during  germination  as  a  nutritive 
tissue,  contains  a  large  amount  of  reserve  material,  such  as  albuminous 
substances,  starch,  and  fat.  The  periphery  of  the  seed  is  occupied  by 
a  hard  or,  in  its  outer  portions,  succulent  sheath,  which  in  some  cases 
is  surrounded  by  a  cupular  fleshy  aril. 

The  FRUIT  resembles  the  female  flower,  but  it  is  much  larger.  The 
carpellary  scales  become  woody  after  fertilisation,  rarely  fleshy  and 
jiiicy. 

The  Gymnosperms  are  all  Avoody  plants,  with  secondary  growth  in 
thickness.  Their  leaves  are  either  simple,  and  then  for  the  most  part 
needle  or  scale-like,  or  they  may  be  pinnate. 

Order  1.  Cyeadinae 

This  order  includes  the  single  family  Cyeadaeeae.  —  Flowers 
dioecious,  without  a  perianth,  consisting  of  many  spirally-arranged 
leaves  ;  staminal  leaves  with  many  pollen-sacs  ;  carpellary  leaves  usually 
with  two  ovules.  For  the 
most  part,  unbranched, 
evergreen  woody  plants, 
devoid  of  true  vessels  and 
havinsr  MUCILAGE  DUCTS  in 
all  organs.    Leaves  large 

AND  PINNATE  (Fig.  369). 

Many  Cyeadaeeae  re- 
semble the  Tree-Ferns  not 
only  in  their  column-like, 
unbranched  stem  and  apical 
rosette  of  large,  pinnate 
leaves,  but  also  in  their 
dimensions,  attaining  some- 
times a  height  of  12  m.; 
in  other  cases  the  stems 
are  shorter,  resembling 
the  Marattiaceae  more  in 
habit ;  they  are  tuberous 
and  partially  buried  in  the 
ground.  The  branching- 
is  limited  to  the  flowering 
region,  although  sometimes  adventitious  shoots  spring  from  the  stem. 
In  most  species  {e.g.  Cycas)  the  stem  is  invested  with  a  thick  armour 
of  woody  scales,  which  are  in  part  the  basal  portions  of  dead  and 
fallen  foliage-leaves,  and  in  part  scale-leaves  (cataphylls),  the  develop- 
ment of  which  alternates  periodically  with  that  of  the  foliage-leaves. 

The  flowers  of  the  Cyeadaeeae  are  always  terminal ;   the  stem, 


Fig.  369. — Cycas  revolutu.  1,  Female  tree  ;  2,  carpellary  leaf 
with  ovules  ;  3,  staminal  leaf;  4,  seed.    (After  Wossidlo.) 
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except  in  the  female  Cyco^v  plants,  is  prolonged  synnxxiially  bva  lateral 
l)rancli,  wliicli  crowds  the  Mower  to  one  side.  The  male  flowers  are 
cone-like,  with  numerous  scale-  or  sliield-shaped  stjiminal  leaves  (Fig. 
309,  3),  wliich  bear  an  indefinite  number  of  polleii-.sacs  on  their  under 
side.  The  .species  of  C^icas  produce  a  single,  apical,  female  flower,  of 
which  the  carpellary  leaves  are  similar  to  the  foliage-leaves,  but  on  a 
reduced  scale  (Fig.  369,  2).  In  other  memWrs  of  this  family  the 
apex  of  the  stem  terminates  in  several  cone-like  female  flowers  with 
scale-like  leaves.  Two  or  more  ovules,  larger  than  a  cherry,  are  borne 
on  each  carpel.  They  are  ati  opous,  antl  provided  at  the  apex  of  the 
nucellus  with  a  cavity,  the  PoLLKN-fHAMliEK,  in  which  the  pollen-grains, 
which  have  been  carried  thither  by  the  wind,  accumulate  preparatory 
to  fertilisation.  The  seed  (Fig.  309,  4)  resembles  a  drupe  or  stone- 
fruit  in  that  the  seed-coats  are  differentiated  as  an  outer  fleshy  layer 
and  a  hard  inner  coat.  The  mealy  endosperm  envelops  a  two-leaved 
embryo  attached  to  a  coiled  suspensor. 

The  Cycadaccae  are  all  trojtical  or  sub-tropical  i>laiii>,  ami  an-  found  in  both 
hemispheres,  but  with  a  limited  area  of  distribution  of  the  individual  species.  At 
the  present  time  they  occur  only  in  small  numbers  ;  but  in  earlier  geological 
periods  up  to  the  Cretaceous,  as  is  proved  by  the  extensive  occurrence  of  fossil 
remains,  they  formed  a  considerable  proj»ortion  of  the  vegetation  of  all  zones. 

Order  2.  Coniferae 

Flowers  naked  ;  the  male  catkin-like  with  scale-like  staminal 
leaves,  bearing  the  pollen-sacs  on  the  under  side  ;  the  female  flowers 
and  the  fruit  of  varying  and  sometimes  complicated  structure.  What 
is  here  designated,  for  the  sake  of  sim|)licity,  a  single  female  flower  is 
also  spoken  of  as  an  inflorescence.  Fkkkly  liKANfUlNG,  woody  plants 
DESTITUTE  OF  TRUE  VESSELS,  generally  traversed  in  all  parts  by  resin 
cANAi.s.    Leaves  simple,  usually  needle-  or  scale-shaped. 

Many  Conifers  are  tall  forest  trees  of  a  pyramidal  shape,  with  mast- 
like, tapering  stems,  from  which  spring  aj)parent  whorls  of  horizontal 
and  much-branched  lateral  shoots.  Freijuently,  wlien  growing  tinckly 
crowded  together,  the  lower  branches  fall  off"  after  a  time,  so  that  the 
stem  becomes  naked  for  the  greater  part  of  its  height,  and  bears  only  a 
pyramid-shai)ed  crown  of  u})per  branches.  Tiiese  may  become  finally 
more  widely  outspread,  like  the  Mediterranean  Fines  {Vinus  Vinea)^  or 
spread  out  horizontally,  as  in  the  Brazilian  Araucarias  {Arauairia 
hrdsilieuMs).  ( 'omjtaratively  few  of  the  arborescent  s])ecies  deviate  from 
the  pyramidal  form  ;  for  example,  the  Cypress  {Cujurssus  sem}iernren.'<), 
with  its  erect  branches.  The  shrub-like  species,  such  as  the  Junii>ers, 
on  the  contrary,  are  frequently  irregularly  branched  and  bushy. 

The  male  flowers  are  either  solitary  or  aggregateil  in  clusters  ;  they 
fall  after  attainiiig  maturity  like  the  catkins  of  the  Willow  and  other 
ylmcntaceac,  which  they  also  resemble  somewhat  in  structure  without 
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morphologically  being  equivalent  to  them,  since  catkins  are  inflorescences. 
The  stamens,  which  as  a  rule  are  numerous,  are  scale-  or  shield-shaped, 
with  two  or  more,  rarely  many  (as  many  as  twenty  in  Araucaria), 
pollen-sacs  on  their  under  sides. 

The  wide  variations  in  the  structure  of  the  female  flowers  and  the 
fruit  constitute  the  distinctive  characteristics  of  the  difl"erent  families 
into  which  the  order  is  divided. 

Family  Pinaeeae. — Female  flowers,  in  the  form  of  cones  ;  the 
ovules  arising  in  scale-like  caipels,  and  ripening  to  seeds  while  still 
enclosed  in  them;  seed-coats  dry,  without  an  aril  (Figs.  370-373). 

The  male  flowers  are  capitate  or  cylindrical,  frequently  united  in 
clusters.    The  female  flowers  consist  generally  of  a  spindle-shaped  axis 


Fig.  370. — Juniperus  communis,  a,  Male  flower  ;  h,  fertile  shoot  with  female  flower ;  c,  female  flower 
with  one  scale  bent  out  of  i)lace  ;      fxMxt.—OFFiciXAL.    (After  Berg  and  Schmidt,  all  magnified.) 

with  numerous,  spirally  arranged,  imbricated  scales.  In  the  Juniper 
and  its  allies  the  flower  is  composed  of  only  a  few  verticillate  carpels. 
In  many  genera  the  carpels  are  simple  {Juniperus,  Agathis) ;  in  others 
they  have  a  scale-like  outgrowth  on  the  upper  side  ;  in  other  cases,  again 
(Abietuideae),  two  scales  are  present,  lying  one  above  the  other,  the 
uppermost  of  which,  the  fertile  scale,  bears  the  ovules  and  is 
situated  in  the  axil  of  the  other,  the  COVER-SCALE  (Fig.  366). 

According  to  this  description,  both  scales  of  the  Ahietoideae  are  regarded  as 
parts  of  a  deeply-divided  leaf,  resembling  somewhat  a  fertile  leaf  of  Ophioglossum. 
In  conformity  Avith  this  view,  the  original  condition  would  be  represented  by  the 
carpels  of  Arjathis.  The  first  beginning  of  the  division  is  represented  by  the  out- 
growths of  the  scales  in  the  case  of  the  Taxodioideae  and  Araucarias,  and  the  com- 
plete division  is  represented  by  the  two  scales  of  the  Ahietoideae.  On  the  other 
hand,  it  has  also  been  held  that  the  fertile  scale  is  a  flattened  branch  or  cladode, 
in  the  axil  of  a  subtending  bract,  both  of  which  have  become  fused  together  in  the 
Taxodioideae  and  Araucarias. 


Two  ovules,  less  frequently  only  one  or  a  larger  number,  spring 
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from  the  basal  portion  of  the  IVrtile  scale,  on  the  upper  side ;  but  in 
the  Ciij/nssoidcdi'  they  are  axillary,  arising  from  a  cushion-like  swelling. 

During  the  modification  of  the  Hower  in  the  formation  of  the  seeds, 
the  scales  in  most  eases  become  lignified,  and  the  fruit,  familiarly  known 
as  a  cone,  is  thus  produced.  In  some  less  fre(juent  cases  the  fruit 
resembles  a  berry  in  form. 

Sub- Families. — (1)  Cuprcssoidcac.  Leaves  opjjosite  or  in  whorls;  carpels 
simple  ;  ovules  axillary,  erect.  Junipcrus  (Juniper),  Cuprcssxis  (Cypress),  Thuja 
(Arbor  Yitae).  (2)  Taxodioideac :  Taxodium  (American  Cypress),  Sequoia.  (3) 
Araucarioidcae :  Araucaria,  Agathis.  (4)  Ahictoidcae.  Leaves  spiral;  carj>els 
divided  into  cover-  and  fertile  scale  ;  ovules  attached  to  the  fertile  scale,  inverted. 
Abirs  (Silver  Firs),  Picca  (Spruce  Firs),  Larix  (Larches),  Finns  (Pines). 

Representative  Species. — Junipcrus  communis  (Common  Junii>er,  Fig.  370). 
Shrubs  with  needle-shajtt  d  leaves  arranged  in  whorls  of  three,  and  having  a  resinous 

bloom  ;  female  flowers  consisting  of 
three  scales,  each  with  an  axillary 
ovule  ;  scales  of  the  rijw  fruit  succu- 
lent and  united,  forming  a  berry. 
Abies  alba,  the  Silver  Fir  (Fig.  371). 
Lofty  forest  trees  upwards  of  6r»  m. 
in  height,  with  a  silver-grey  bark 
when  old;  crown  pyramid -shai>ed, 
with  horizontally  extending,  elon- 
gated branches  ;  leaves  needle-shaped, 
flattened  on  the  under  side,  with  two 
bluish -white  longitudinal  lines  in 
addition  to  the  middle  nerve,  dis- 
placed on  the  lateral  branches  in  two 
comb-like  rows  on  each  side  of  the 
axis.  The  flowers  are  axillary  and 
api>ear  in  May  at  the  tips  of  the 
branches  ;  the  male  flowers  are  cylin- 
drical, some  20  mm.  long,  and  bear 
numerous  sj>irally- arranged  staminal 
leaves,  each  having  on  the  under  side 
two  i)ollen-sacs  opening  by  a  longi- 
tudinal slit  (Fig.  371,  a)  ;  the  fi-male 
flowers  are  oblong -cylindrical,  about 
6  cm.  long,  and  consist  of  closely 
aggregated  cover,  and  fertile  scales 
arrangiil  spirally  on  a  spindle-shaited 
axis.  The  cones  {b)  are  erect,  their 
pointed  cover -scales  are  much  nar- 
rower but  longer  than  the  fertile  scales 
(c,  </),  and,  in  conse<iuence,  they  are 
visible  externally.  At  maturity  the 
scales,  together  with  the  seeds  (c,  </), 


Fig.  371.-.1''«>.'/^( 
phylls  ;  h,  cone  ; 


Malfll-.u.  1  ;    ^ 

cnrjM'l,  vi»'W<*<J  fn)m  U'low 
(dorsal  surface),  showing  the  fertile  and  cover- 
scale  ;  (I,  the  same  viewed  fn)ni  alwve  (venlnil 
surface),  (.\fler  Heho  and  Schmidt  ;  <i,  <•,  </,  nat. 
size;  h,  reduced.) 

become  detacheil  from  llic  axis  and  fall  t«»  the  ground.  Pic^a  cxcdsa,  the  Norway 
Sjirucc,  resembles  the  Silver  Fir  in  size  and  appearance.  The  newUcs  are  four-sided,  of 
a  uniform  colour,  and  point  in      dinrtion-..  but  frequently  bending  to  the  right  and 
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left,  appear  as  if  arranged  in  comb-like  rows.  The  cones  are  terminal  and  pendent  ; 
at  maturity  the  seeds  drop  out  and  the  cones  then  fall  off  entire,  retaining  their 
scales.  The  cover-scales  are  very  small,  and  not  visible  externally.  Finus  silves- 
tris,  the  Scotch  Fir,  a  forest  tree  upwards  of  40  m.  high  Avith  a  dome-shaped  crown. 
The  needles  are  borne  in  pairs  on  greatly  shortened  lateral  axes,  or  dwarf-shoots 
(spm's),  provided  with  scale-like  leaves.  The  male  flowers  (Fig.  372,  1,  a),  externally 
like  those  of  Abies,  spring  closely  crowded  together  from  the  summit  of  elongated 
shoots  which,  by  continued  gi'owth,  become  prolonged  beyond  them,  producing 
leafy  dwarf- shoots.    The  female  flowers  are  at  first  spherical  and  of  a  reddish 


Fig.  372. — Pinus  silrcstris.  1,  Branch  with  male  (a)  and  female  (h)  inflorescences;  c,  cone;  d, 
needles  :  2,  steminal  leaf ;  a,  viewed  from  the  side  ;  b,  from  below :  3,  carpel ;  a,  viewed  from 
above ;  &,  from  below :  4,  fertile  scale  with  the  two  seeds  (a),  seed-wing  (h),  seed  (c)  :  5,  seed 
in  longitudinal  section.— O/'/'/c/.vji:.    (After  Wossidlo.) 

colour  (1,  b).  The  cones  (1,  c)  have  very  small  cover-scales,  but  long  woody  fertile 
.scales,  thickened  at  the  ends  in  rhombic  areas,  the  apophyses.  As  in  Picca  cxcclsa, 
the  cones  fall  off  entire,  after  the  seeds  have  fallen.  Larix  europaea,  the 
European  Larch,  is  particularly  distinguished  by  its  deciduous  leaves,  which  are 
borne  in  clusters  on  short  spurs. 

Geographical  DiSTEiBUTiox. — The  Pinaceaem\iaihit  chiefly  the  Xorth  Temperate 
Zone,  where  many  species  form  by  themselves  widely  extended  forests.  In  countries 
bordering  on  the  Northern  Pacific,  particularly  in  China,  Japan,  and  California, 
they  exhibit  theii-  most  varied  development.  "With  the  exception  of  the  Australian 
EucaUjiytus,  the  giant  trees  of  California,  Sequoia  cjigaatea,  with  stems  over  100  m. 
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liigh  and  12  m.  in  diameter,  attain  the  greatest  height  of  any  trees  in  the  world. 
Gennany  i»osst'sst*s  only  a  lew  species  of  Conifers,  some  of  which,  however  (<•.</. 
Finns  silvestris,  Picta  excelsa),  occur  so  abundantly  that  they  constitute  a  large 
part  of  all  the  vegetation.  The  Silver  Fir  forms  large  woods  in  the  Vosges  and 
the  Black  Forest,  but  otherwise  is  rare.  The  common  Juniper  is  also  everywhere 
common  on  sandy  soil.  Finns  mnntuna,  Finns  Ccmbra  (with  three  or  five  needles 
on  each  spur),  Larix  cnropaca,  and  Jnnipcrns  Salriiui  are  also  found  in  Germany, 
but  except  F.  montana,  they  occur  only  in  the  Bavarian  Alps. 

Many  Finaceae  are  cultivated  in  Germany  on  account  of  their  beauty  or  economic 
value.  In  addition  to  the  indigenous  species,  the  following  examples  may  be 
mentioned  :  Finns  Strolnis,  "NVeymouth  Pine  (North  America)  ;  Thuja  occidentalism 
American  Arbor  Vitae  ;  Crdrus  Libani,  Cedar  of  Lebanon  ;  various  si>ecies  of 
Aiancariu,  from  the  temi»erate  zone  of  the  southern  hemisphere. 


Fig.  2,1-i.—Juni}Krm  Sahinn  :  l.niiiih  witli  hmi.—OrriciSAL  tJ\A  to/so.vocs. 

Poisonous. — Jnnipcrns  Sahina,  a  mona'cious  shrub  with  brooni-like  branching 
and  scale,  not  needle-shai)ed,  leaves.  It  grows  wild  in  the  Alps  and  is  frequently 
cultivated  in  gardens  (Fig.  ;173). 

Officinal. — Ayathis  lomnthifulia  (Indian  Archi|>elago)  supplies  Rfjsina  i»amai;  ; 
Junipn-ns  coinmnnis,  FlUCTUs  Ji  NU'EKi  and  Lu;m  M  Ji  Nli-KKi  ;  Junipcnw 
oxyccdrns,  Oi-Ei  M  CAiUNi'M  ;  Jnnipcrns  Sahina,  Hkkha  on  SrMMiTATF.s  Sabinae: 
Larix europaca,  Tkuf.ijinthina  veneta  ;  Larix sibirica  (North  Russia,  Siberia),  PiX 
i-K^riKA.  From  different  species  of  pines,  as  /*.  silwstris,  F.  australi*,  P.  Larieio, 
J'.  /'iiKisfrr,  F.  Taeda,  etc.,  iiud  also  from  Abies  alba  tMv  derived  Terebisthixa. 
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CoLOPHONU'M,  Ol.  terebinthixae,  Pis  liquida  ;  from  Pinus  Pumilio,  Ol.  Pini 

PUMILIONIS. 

Family  Taxaeeae. — Formation  of  cones  imperfect  :  the  ovules 
PROJECT  BEYOND  THE  CARPELS,  or  the  latter  may  be  absent  :  the  ripe 
seed  possesses  an  aril,  and  some- 
times also  a  succulent  seed-coat 
(Figs.  374,  375). 

Taurus  haxcata,  the  Yew  (Figs.  374. 
375),  is  an  evergreen  tree  devoid  of 
resin,  sometimes  attaining  a  height 
of  10  m.  The  shoots  are  all  elongated 
and  bear  flat  needles,  arranged  right 
and  left,  in  two  ranks.  The  male 
flower  is  axillary  and  consists  of  ten 
shield-shaped  staminal  leaves  united 
in  a  spherical  head  snrmounting  the 
apex  of  a  short  stalk  beset  with  scales 
below.  The  female  flower  also  termi- 
nates the  apex  of  a  scaly,  axillary 
stalk.  The  stalk,  however,  in  this 
case  is  composed  of  a  lower  portion 
ending  blindly,  the  primary  shoot, 
and  an  upper  lateral  secondary  shoot, 
which  terminates  in  a  single  erect 
ovule.  Carpels  are  wanting.  The 
ripe  seed  is  enclosed  in  a  red  cupular  s^A^.-Taj  m  bacxtto :  branch  with  ripe  seeds 

aril  (Fig.  274).  nat.  size).— Poisoxors. 

Geographical  Distribution. — 
The  Taxaccae  gi'ow  for  the  most  part  in  the  southern  hemisphere.  Ginkgo  hiloha 
{Salisburya  adiantifolia),  sometimes  found  in  cultivation,  is  indigenous  to  Eastern 
Asia.  In  appearance  it  resembles  a  foliage  tree,  and  is  characterised  by  its  fan- 
shaped,  deciduous  leaves,  which  are  cleft  dichotomously.  The  seeds  are  about  the 
size  of  a  plum  and  have  a  succulent  coat. 

Poisonous. — The  young  shoots  and  the  seeds  of  Taxus  haccata  :  the  red 
enveloping  aril,  however,  is  harmless,  and  often  eaten  by  children. 

Order  3.  Gnetineae 

One  family  :  Gnetaeeae. — Flowers  with  perigoxe  :  woody  plants, 
without  resin,  and  with  TRUE  ^'ESSELS. 

In  the  presence  of  a  perigone,  which,  however,  is  very  small  and 
insignificant ;  in  the  indication  of  a  union  of  the  sexes,  in  an  in- 
florescence in  the  case  of  Gnefum,  in  a  female  flower  of  JFehcifschiu  : 
in  the  possession  of  true  vessels  in  the  wood  and  sometimes  of 
reticulatel3'-veined  leaves  (Gnetum),  the  Gnetaeeae  show  a  resemblance 
to  the  Dicotyledons,  and  may  accordingly  be  regarded  as  the  most 
highly  developed  of  all  the  GjTnnosperms. 

The  three  genera  included  in  this  family  ditfer  considerably  from  each  other. 
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The  species  Ephedra,  found  in  the  Mediterranean  region,  are  shrubby  plants  with 
slender  branches  devoid  of  foiiage-leaves.  The  genus  Gnetum  (Trojacal  Asia  and 
America)  comprises  trees  and  lianes  with  large  reticulately-veined  leaves.  The 


Fk;.  375.  —  'I'i'.i  iis  Iniiiiita.    A,  IJniiicli  with  IViiiali-  lln\v.  i>:    .  i \v. i  •  .\  ul.  >  , .n  tin-  n;iiii<-  sli..  .t 

size);  J!,  leaf  with  axilhiiy,  fi-rtilf  sh<H)t  (x  'J);  C,  iii»Nliaii  loii^tudinal  s»»ction  of  a  ]iriiiuir>' 
ami  s«'c-i)n<lary  shoot ;  r,  v»';;»'tiiti\ c  c-oiie  of  the  priiiiar)'  shtxtt ;  a,  rudiiiieiit«  of  the  aril ;  f, 
iiKlimi'iit  of  the  embryo-sac  ;  n,  micellus  ;  i,  integument;  m,  niicropyle(x  ■tsy—l'o/aosors. 

only  species  of  the  third  genus,  U'ehcitschia  mirahilis  (South-west  Africa),  one  of 
the  most  wonderful  of  all  plants,  has  a  thick,  short,  ovoid  stem,  which  gives  rise  to 
only  two  band-shaped  leaves  over  a  metre  long  ;  a,s  they  continue  to  grow  at  tin- 
base,  the  leaves  gradually  die  at  the  ajjcx,  and  are  torn  into  segments. 

Class  II 
ANGIOSPERMAE 

Tlie  Angi()s})eniis  constitute  by  f;ir  the  greatest  part  of  the  vege- 
tation of  the  eartli.    All  grasses,  herbaceous  jdauts  and  shrubs,  and, 
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with  the  exception  of  the  Ferns,  Horse-tails,  and  Club  Mosses,  all  our 
foliage  trees  belong  to  this  class.  Varying  in  size  from  plants  like 
JVoJffia  arrhiza,  no  larger  than  the  head  of  a  pin,  to  the  Eucalyptus 
trees  of  Australia  with  a  height  of  140-150  m.,  they  exhibit  a  great 
diversity  of  external  form,  greater  than  in  any  other  class  of  the 
vegetable  kingdom. 

The  greatest  variety  of  form  appears,  however,  in  the  structure  of 
the  flowers.  It  is  the  flowers  that  distinguish  the  Angiosperms  so 
markedly  from  the  Gymnosperms,  and,  together  with  the  fruit  and 
seeds  to  which  they  give  rise,  they  furnish  the  most  available  means  of 
classification. 

Little  of  general  application  can  be  said  concerning  the  vegetative 
organs  ;  they  will  be  considered  more  in  detail  in  treating  of  the 
separate  sub-classes,  orders,  and  families.  Decided  differences  between 
the  external  differentiation  of  the  Angiosperms  and  the  Gymnosperms 
are  not  apparent.  As  regards  their  internal  structure,  the  Angiosperms, 
in  contrast  to  the  Pteridophytes  and  almost  all  Gymnosperms,  possess 
true  vessels,  except  in  the  case  of  certain  Magjioliaceae,  which  in  their 
secondary  growth  resemble  the  Conifers  (cf.  p.  128). 

The  Flower 

Wliile  the  Gymnosperms  have  only  simple,  inconspicuous  flowers,' 
in  which  a  perianth  is  either  entirely  absent  or  only  represented  by 
scale-like  cataphylls,  the  flowers  of  the  Angiosperms  have  a  more  com- 
plicated and  varying  structure,  and  in  most  cases  are  provided  with  a 
well-developed,  coloured  perianth.  This  difference  in  the  character 
of  the  flowers  of  the  two  classes  is  due,  in  great  measure,  to  the  modi- 
fications which  have  arisen  in  the  flowers  of  the  Angiosperms  during 
their  transition  from  wind-  to  insect-pollination  (cf.  p.  281).  The 
involuntary  intervention  of  insects  in  transferring  the  pollen  from 
flower  to  flower  disturbed  the  formative  force  of  the  flowerins;  region, 
and  called  forth  that  wonderful  degree  of  adaptation  displayed  by  the 
flowers  of  so  many  Angiosperms,  rendering  them  the  most  remarkable 
structures  in  the  ves-etable  kinejdom. 

Although  the  influence  of  the  insect-world  uj^on  the  formation  of 
the  flowers  is  perceptible  in  the  great  majorit}^  of  Angiosperms,  the 
pollination  of  a  few  of  the  lower  groups  is  still  effected  by  the  wind  ; 
others  again  have  returned  to  that  condition,  or  have,  although  rarely, 
resorted  to  self-pollination.  In  such  cases  the  flowers  are  inconspicu- 
ous and  odourless,  for  both  colour  and  perfume  are  only  of  use  to  plants 
as  a  meatis  of  enticing  insects.  While  the  possession  of  conspicuous 
or  sweet-smelling  flowers  is  a  sure  indication  of  the  Angiospermic 
nature  of  a  flower,  it  must  not  be  concluded,  conversely,  that  plants 
witli  insignificant  flowers  do  not  belong  to  the  Angiosperms. 

Morphology  of  the  Flower. — In  contrast  to  the  Gymnosperms, 
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the  Angiosperms  huve  tor  the  most  part  hermaphrodite,  cyclic  flowers 
provided  with  a  })erianth.  The  perianth  generally  consists  of  two 
whorls  of  floral  leaves  unlike  in  appearance,  and  distinguishable  as 
CALYX  and  COROLLA.  The  CALYX,  the  outer  whorl  of  the  perianth 
(Fig.  357,  A),  functions,  as  a  rule,  as  a  protective  organ  to  the  inner 
parts  of  the  young  flower  while  still  in  j)rocess  of  development.  The 
leaves  of  the  calyx,  or  sKPALs,  accordingly  appear  early  ;  they  resemble 
foliage-leaves  in  colour  an<l  structure,  as  it  wouhl  be  of  no  advantage  to 
the  young  flower,  sometimes,  on  the  contrary,  a  detriment,  if  they 
were  too  conspicuous. 

Tiie  COROLLA  (Fig.  357,  c),  on  the  other  hand,  is  often  brightly 
coloured,  so  tliat,  even  from  a  distance,  it  is  clearly  distinguished  from 
the  green  foliage.  At  first  concealed  in  the  bud,  either  enclosed  by  the 
calyx  or  of  a  green  colour,  the  corolla  only  attains  its  full  })ur|)Ose  and 
development  when  the  sexual  organs  have  arrived  at  maturity  and 
require  the  co-operation  of  insects.  This  condition  is  indicated  by  the 
opening,  or  anthksls,  of  the  flower.  The  corolla  functions  not  only 
by  means  of  its  colour,  but  also  frequently  by  its  shape  and  jx)sitioii 
(('/.  p.  283),  in  the  service  of  ])ollination.  The  leaves  of  the  corolla 
are  termed  PfrrALS ;  the  mode  of  their  arrangement  in  the  bud 
(.estivation,  see  p.  37)  is  of  systematic  value. 

While  in  most  flowers  of  Angiosperms  the  i)erianth  is  double, 
consisting  of  a  green  calyx  and  a  corolla  of  another  colour  (hetero- 
chhinn/deoiis),  there  are  exce})tions  to  this  rule.  Sometimes  the  flowers 
have  only  a  simple  perianth  (inonochhimi/ilfous),  or  both  whorls  of  a 
doul)le  perianth  may  be  similar  (homorhhunj/ilcous).  In  such  cases  it 
is  customary  to  speak  of  a  tekigone,  designating  it  as  calycoid 
(sepaloid)  when,  as  in  the  Nettle,  it  is  green  or  insignificant,  corolla- 
ceous  (petaloid)  if  it  is  conspicuous  and  coloured  like  the  simple  floral 
envelo})e  of  Clematis  or  tlie  double  one  of  Cohhiaim  or  Croc\L<.  The 
separate  leaves  of  the  perigone  are  termed  petals. 

As  an  additional  exception  to  the  usual  structure,  the  less  frequent 
case  may  be  mentioned  in  which,  as  in  ^Iconiffun,  the  ciilyx  is  highly 
coloured  while  the  corolla  is  inconsi)icuous. 

The  leaves  composing  the  whorls  of  the  perianth  may  be  free  or 
united.  In  the  former  case  the  perianth  is  sj)oken  of  as  polyphyllous 
(also  chorisei»alous,  chorij)etal<)us,  dialyse})alous,  dialypetalous) ;  in  the 
latter  case  as  gamophyllous  (also  gamosepahuis,  gamopetalous,  sym- 
petalous). The  upper  margin  of  a  whorl  of  united  perianth  le^ives  is, 
as  a  rule,  divided  into  as  many  teeth  or  lobes  as  the  number  of  Iciives 
which  enter  into  its  formation. 

Till-  usf  ol'  thf  term  giiiuo]»li}ilou.s  dois  not  imply  that  the  leaves  were  origin- 
ally st'i«uate  Jintl  liavr  sul>st'«iuently  become  coherent  in  the  course  of  tlieir  onto- 
genetic develonment.  On  the  contrary,  tlu'  leaves  forming  such  united  jwrianth- 
wliorls  liave  all  arisen  from  one  undivided  wall-like  jtrotuberance  of  the  floral 
axis. 
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5.  370. — A  and  B,  anterior 
and  postt^rior  xiew  of  a  sta- 
men of  Hyoscyamus  niger  ; 
J,  the  filament ;  p,  anther ; 
'■,  connective  (magnified). 


Flowers  uuprovided  with  an  enveloping  perianth  are  termed 
NAKED  {acMami/deoiis) ;  such  are  of  rare  occurrence  among  the  Angio- 
sperms  {e.g.  the  Grasses,  and  Piperaceae). 

The  ANDRCECIOI  of  most  Angiosperms  consists  of  filiform, 
stamiual  leaves,  the  ST aliens,  which  bear  no  resemblance  to  ordinary 
foliage-leaves.  In  each  stamen  there  may  usually  be  distinguished  a 
slender  stalk-like  portion,  the  filament,  surmounted  by  an  anther 
containing  four  pollen-sacs.  The  anther  gener- 
ally consists  of  two  swollen  halves  termed  the 
THEC^,  parallel  to  the  axis  of  the  filament,  and 
each  containing  two  pollen-sacs  (Fig.  376). 

Each  theca  usually  dehisces  by  a  longi- 
tudinal slit  so  situated  along  the  partition  walls 
between  the  two  pollen-sacs  that  it  is  common 
to  both  (Fig.  358,  A).  In  less  frecpient  cases 
the  dehiscence  of  the  anthers  is  effected  by 
means  of  pores  or  by  openings  with  valves. 
According  to  the  position  of  the  thecse,  whether 
on  the  inner  (ventral)  or  outer  (dorsal)  side,  the 
anthers  are  designated  respectively  INTRORSE  or 

EXTRORSE. 

The  part  of  the  anther  uniting  its  two 
theci¥  is  termed  the  connective.  It  usually 
consists  merely  of  a  thin  plate  of  tissue  (Fig.  376,  C) ;  sometimes, 
however,  it  is  more  distinctively  developed,  as  in  Salvia  (see  Fig.  219), 
where  it  is  rod-shaped,  projecting  obliquely  from  the  apex  of  the 
filament,  or  as  in  the  Violet  and  some  of  the  Ericaceae^  in  which  it 
forms  horn-like  spurs. 

The  pollen-grains  are  variously  shaped,  dry  and  smooth  where 
pollination  is  eftected  by  the  wind,  but  more  or  less  sticky  or  spinous 
when  adapted  for  entomophilous  pollination.  In  some  cases  they 
cohere  in  tetrads  or  in  larger  groups  (Fig.  359). 

The  stamens,  although  generally  cpiite  free  from  each  other,  are 
sometimes  coherent  into  several  bundles,  as  in  H[ipericum  :  or,  as  in 
Ononis,  into  a  tube,  or  into  a  column,  as  in  the  case  of  Cucurbita.  The 
cohesion  may  extend  throughout  their  whole  length  (e.g.  Cucurbita),  or 
it  may  be  restricted  to  the  filaments  (e.g.  Malvaceae). 

By  the  branching  of  the  stamens  an  appearance  is  produced 
similar  to  that  resulting  from  their  fusion.  It  is  often  only  possible  to 
determine  which  may  be  the  case  by  a  comparative  study  of  their 
mode  of  development  in  allied  forms.  Sometimes  the  branched  char- 
acter of  the  stamens  is  indicated  by  the  fact  that  the  anthers 
each  contain  only  one  theca,  and  appear  to  be  halved.  Undoubted 
examples  of  branching  are  aflbrded,  for  instance,  by  the  tlowers  of 
Ricinus,  ^vith  tree-like,  branching  stamens,  or  by  those  of  the  Malvaceae, 
in  which  the  stamens  are  coherent  below  and  branched  above  (Fig.  377). 
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The  androecium  springs  directly  from  the  floral  axis,  or  it  is 
adnate  to  other  portions  of  the  flower,  in  particular  to  the  perianth. 

Great  weight  was  formerly  attached  by  systematisti  to  the  mode  of  insertion  of 
the  andrti-'ciuiu.     It  was  tlien  customary  to  distinguish  Thulamijlifrae,  Corolli- 

fiurae,  or  Cnhjciflorae,  according  as  the  stamens 
were  inserted  on  the  receptacle,  the  corolla,  or 
the  calyx.  Cahjcijioraf^  aj»  a  matter  of  fact,  do 
not  occur,  as  in  such  cases  the  supi>osed  calyx  is 
in  reality  the  expanded  floral  axis. 

The  term  st.\miN(»i>ks  is  applieil  to 
sterile  members  of  the  andra*cium  which 
l»roduce  no  pollen,  and  are  either  abortive 
and  fiiiR'tionless  Linum)  or  are  jieta- 
loid  in  appearance,  and  serve  as  org-ans 
of  attraction  {ejj.  Zinniheraceae).  Phylo- 
genetically  they  are  to  be  regarded  as 
derived  from  normal  stamens. 

The  (;YNG-:('irM  is  always  the  ui 
minal  structure  of  the  flower,  occupying 
the  ai)ex  of  the  floral  axis.  It  is  either  composed  of  separate 
members,  apck  aiipous  (Fig.  378,  A\  or  the  members  are  united, 
SYNCAHPOUS  (/),  D).  In  the  first  case  the  margins  of  each  cari)el 
are  so  joined  together  that  each  forms  a  distinct  ovary  or  closed 
cavity  containing  the  ovules.    The  carpels  of  a  svnairpous  gvn- 

B  ™       C  D 

Fio.  378.— DittVrent  fonus  of  pj'nu'cia.   A,      Aconitum  SaiwllH*  :  It,  of  Linum  usttnti-ttimmm C,  of 

Sirotiimn  rimtiin  :  I>,  style  and  .sti}n»a  of  AchilUa  MilU/iJiHtH  /,  fmirj- ;  if,  style;  n,  Ktignia. 
(An»'r  Uv.iui  iuu\  SciiMiOT,  iiia^iiili**4l.) 

•  ecium,  on  tlie  other  hand,  are  ectherent  and  form  collectively  a  single 
ovary,  which  may  be  either  phnilocular  when  the  coherent  margins 
of  the  carpels  extend  to  the  axis,  or  unilocular  if  the  carpels  cohere 
simjdy  by  their  edges,  and  »lo  not  turn  inward,  or  oidy  slightly. 

The  doul)le  walls  or  DIs.sKlMMKNTs  of  a  plurilocular  ovary,  forme<l 
)>y  the  inwardly  projecting  margins  of  the  coherent  carpels,  are  dis- 


Fin.  377. — AlthiH(t  nffirinnlif,  flowi-r 
cut  through    loiijiitiulinally ; 
epicalyx  ;  h,  calyx  ;  r,  corolla  ; 
aiKlru-cimii.      (After  Uehc.  and 
Schmidt,  nia^initied.) 
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tingiiished  as  true,  iu  contrast  to  the  false  dissepiments  which,  in 
rare  cases  (e.g.  Labiakie),  are  produced  by  ingrowths  from  the  internal 
surface  of  the  carpels. 

The  ovary  is  prolonged  upwards  as  a  neck-like  style,  expanded  at 
the  apex  into  a  stig:nea,  which  may  be  of  various  shapes.  The  whole 
organ,  consisting  of  ovary,  style,  and  stigma,  is  termed  the  PISTIL. 

A  completely  syncai-pous  gyncecium  possesses  but  one  ovary  and 
one  stigma  (Fig.  378,  C).  The  cohesion  of  the  carpels  may,  however, 
be  restricted  to  the  basal  portions  in  such  a  way  that  the  ovary  bears 
as  many  separate  styles,  or  a  style  as  many  stigmas,  as  the  number  of 
carpels  united  in  the  ovary  (B,  D).  The  reverse  case,  in  which  only 
the  upper  portions  of  the  carpels  cohere,  and  not  the  lower,  occurs  only 
in  the  Apoc>rnaceae  and  Asdepiadacme. 

The  style  exliibits  great  variation  in  length  and  thickness.  It  is, 
for  example,  long  and  filiform  in  Crocus,  short  and  thick  in  Tulipa.  It 


A  B  C 

Fig.  37f". — A.  jiarietal ;  B,  axile  ;  C,  free-central  placentation.   A  and  B  in  transverse  section, 
C  in  longitudinal  section.  (Diagrammatic.) 


is  either  traversed  by  an  axial  canal  or  filled  with  a  loose  parenchyma. 
The  stigma  may  be  disc-shaped,  ellipsoidal,  capitate,  bifurcate,  or  more 
rareh',  as  in  his,  corollaceous.  Its  surface  is  generally  velvet-like, 
covered  with  papill^e,  and  is  moist  and  sticky. 

The  ovules  are  always  enclosed  in  the  cavity  of  the  ovary.  They 
are  developed,  as  a  rule,  from  the  margin  of  the  carpels,  and  are  there- 
fore in  unilocular  ovaries  parietal  (Fig.  379,  A):  in  plui-ilocular,  axile 
or  axillary  {B). 

Sometimes  a  departm-e  from  this  mode  of  development  of  the 
ovules  is  exhibited,  and  the  placentation  instead  of  being  marginal  is 
superficial ;  the  ovules  are  distributed,  as  in  B  atom  as,  over  the  whole 
inner  sui'face  of  the  caii^els.  In  other  cases,  again,  the  placentation  is 
free-central  and  the  ovules  appear  to  be  produced  from  the  floral  axis 
itself,  as  in  the  orders  Ceiitrospennae,  so  called  on  account  of  this 
peculiarity,  and  in  Priinulinae  (Fig.  379,  C).  In  the  last  case,  the 
anomalous  position  of  the  ovules  is  attributed  to  the  disappearance  of 
the  dissepiments,  or  to  their  coalescence  and  displacement. 
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The  i)Osition  assumed  by  the  ovules  themselves  in  the  cavity  of  the 
ovary  may  be  ERECT  O'jf.  Polyfjonum,  Fig.  388),  haN(;ing  {e.g.  Umbelli- 
fmie,  Fig.  380),  «>r  horizontal  {e.<j.  Delphinium,  Fig.  381).  The 


Fig.  380.— <Jvarj'  <jf  F«eniculum  offirinalr      Fig. 381.— TranKverse sectiou ofanovaryof iV/fA^iitvm 
ill  longitudinal  section.   (Aflt-r  Berg  Ajacis,  showing  ovule  placed   horizontally ;  *, 

and  Schmidt,  inagnitied.)  ovule;  p,  placenta;  o,  wall  of  o\-ar5' ;  r,  vaMular 

bundles,   (x  18.) 


raphe  is  VENTRAL  when  it  is  turned  towards  the  placenta,  dorsal 
when  turned  away  from  it. 

The  FLoWKii-AXis  (RECEi^TACLt:,  TORUs)  is  usually  thicker  tlian  the 
flower-stalk,  of  which  it  occupies  the  apex.  It  frequently  expands  by 
intercalary  growth  between  the  andrcpcium  and  gyntecium,  into  a 
disc,  cupular,  or  urn-shaiied  body,  which  affects  essentially  the  general 
appearance  of  the  flower.  In  the  simjjlest  cases  the  fluwer-axis  is 
club-shaped,  and  the  floral  whorls  succeed  each  other  in  tiers.  Such 
flowers  are  said  to  be  inferior  or  HYl'oGYNOU.s  ;  their  ovaries,  SUPERIOR 
(Fig.  382).    "When  the  axis  is  develoi>ed  as  a  concave  receptacle,  so 


Fig,  382.  —  HyiK)j;j  nons  Hown-  of  llnnunniluf  nrrleratuit  with  numerous,  superior  ovaries  bonie 
iilK>n  a  dub-shaiHHl  n-tvptncle.    (After  Uaillon,  niagnitied.) 

that  the  gyn(»'cium  is  inserted  at  the  same  height  as  the  andro'cium 
or  lower,  but  free  and  not  coalescing  with  tlie  axis,  the  flower  is 
PERiGYNOUs,  the  ovary  half-inferior  (Fig.  383,  2);  but  if  the  ovary 
is  adherent  to  the  axis,  it  is  descrilKjd  as  inferior  ;  the  flower  as 
superior  or  EPKiYNors  (Fig.  383,  3).  Only  the  internal  portion  of  an 
inferior  ovary  formed  by  the  carpels  is  accordingly  homologous,  with  a 
superior  or  half- inferior  ovary.    Transitional  forms  between  these 


SECT.  II 


PHANEROGAMIA 


451 


different  modes  of  insertion  of  the  ovary  frequently  occur ;  thus  a 
floAver  may  be  slightly  perigynous  (many  Leguminosae)  or  imperfectly 
epigynous. 

The  flower-axis  can,  in  addition,  by  the  formation  of  outgrowths  of 


iG.  Different  flowers  belonging  to  the  family  Rosaceae,  cut  through  longitudinally.  1, 

Potentilla  pahistns,  hypogynous  ;  2,  AlchemiUa  olpina,  perigynous  ;  3,  Pirns  Mains,  epigynous. 
(After  FocKE  in  Nat.  Pflanzcn-familien,  magnified.) 

different  natures,  essentially  modif}^  the  structure  of  the  flower.  These 
accessory  structures  are  sometimes  large  and  corollaceous,  as  in 
Fassiflm-a  (Fig.  489),  but  they  are  usually  inconspicuous  and  confined  to 
the  DISC.  The  latter  constitutes  either  a  continuous  ring  or  a  circle  of 
glands  or  scales,  occupying  generally  a  position 
between  the  androecium  and  gynoecium  (Fig.  384). 
The  disc  usually  secretes  a  sweetish  fluid,  and  is 
then  termed  a  nectary,  in  consequence  of  its 
biological  function.  Other  parts  of  the  flower, 
the  petals  for  instance,  may  be  developed  as 
nectaries  (Aconiturn,  Fig. 

Arrangement  and  Number  of  the  Floral 
Leaves. — In  some  Angiosperms,  as  in  most 
Gymnosperms,  the  floral  leaves  are  all  or  in  part  fig.  384.— Flower  of  vinvs 


vinifcra.  a,  Calyx;  b, 
corolla ;  c,  disc-glands 
between  the  stamens ; 
d,  e,  gynoecium.  (After 
Berg  and  Schmidt, 
magnified.) 


arranged  spirally.  Flowers  in  which  the  spiral 
arrangement  of  the  leaves  prevails,  as,  for  ex- 
ample, is  generally  the  case  in  the  Banunculaceae, 
are  termed  acyclic. 

In  a  large  majority  of  Angiosperms  the  flowers 
are  cyclic,  and  have  their  leaves  arranged  in  whorls.  Most  frequentl}^ 
five  successive  whorls  are  present,  alternating  regularly  with  each  other. 
Of  these,  two  belong  to  the  perianth,  two  to  the  androecium,  and  one 
to  the  gynoecium.  Flowers  constructed  after  this  type  are  described 
as  PENTACYCLIC  (Fig.  385). 

The  number  of  parts  in  a  whorl  is  usually  the  same  in  the 
perianth  and  androecium  —  in  Monocotyledons  generally  three,  in 
Dicotyledons  five.  •  This  uniformity  in  the  number  of  members  in  the 
whorls  may  also  extend  to  the  gynoecium ;  but,  as  a  rule,  particularly 
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ill  Dicotyledons,  the  number  of  carpels  is  smaller.  The  number  of 
members  in  the  whorls  of  the  perianth,  amlra'cium,  and  gyntecium  is 
indicated  by  the  terms  di,  tri,  tetra,  pentamerous,  etc. 

A   TYl'K  AL   AN(^IOSPKKM<JL'S   FLuWKK    IS    CONSTRUl  TED   ( »F  FIVE 
ALTERNATING   ISOMEUOUS   WilUKLS,   OF  WHICH   T\V«)   1{EL<»N(;  TO  THE 
I'KKIANTH,    TWO    T«  >    THE   ANl)H<ECirM,   AND  ONE 

^  T(»  THE  (;yn<ecium.    Flovveis  varying  from  this 

ty{)e  have  either  continued  in  an  undeveloped 
stage,  as  those  of  the  amentaceous  })lants,  or,  like 
the  acyclic  Howers,  they  belong  to  a  family  wliich 
has  been  separated  from  the  main  line  of  descent, 
or  they  have  been  subsequently  moditted  from  the 
normal  type  in  the  course  of  phylogenetic  evolu- 
tion,  like    the   Howers   of    the   Oirhvlaceae  and 

Ki.;.  3S.0.  -  DiaKiain  of        Ouly  siich  Variations  from  tvpical  Angiositerm 

a   wntacvclic    flower   a  i    •         •         *  i 

(^i;i;„i„>^  tlowers  are  mentioned  in  this  general  summary  as 

may  have  arisen  by  subse(juent  modification.  To 
avoid  repetition  the  other  special  cases  will  be  considered  later  in  the 
detailed  description  of  the  single  Howers. 

A  simple  and  not  infrequent  variation  from  the  normal  structure 
is  presented  in  Howers  in  which  tlie  stamens  of  the  outer  whorl  are 
opposite  the  i)etals,  and  those  of  the  inner  whorl  opposite  the  sepals. 
An  andneciuni  of  this  character  is  termed  oHDlTLuSTEMoNors,  as 
distinct  from  the  typical  diplostemonoi  s  ari-angement  of  the  stamens. 

Another  of  the  more  common  variations  from  the  original  type  is 
due  to  tiie  multiplication  of  the  whorls  (jdeiotaxy),  often  occurring 
in  the  andra'cium  (liose),  less  frequently  in  the  })erianth  {BcrUris),  very 
rarely  in  the  gyno'ciuni  {I'unini  ilranntnui). 

A  variation  of  even  more  freipient  occurrence  results  from  the 
diminution  of  the  nump.er  of  whorls  (oligotaxy).  This  is  often 
shown  in  unisexual  Howers,  although  by  no  means  in  all  cases,  as 
the  missing  organs  may  be  represented  by  reduced  and  function- 
less  })arts,  as  in  the  similar  case  of  the  mammary  glands  of  male 
mammals.  Thus  in  the  female  Howers  the  place  of  the  stamens 
is  not  uncommonly  occupied  l>y  sterile  staminodia.  In  hermaphrodite 
Howers  also  a  reduction  of  the  numl)er  of  whorls  is  often  shown.  The 
occurrence  of  Howers  with  a  simple  perianth  has  already  been  mentioned  ; 
tlowers  with  a  simple  andixecium  are  still  commoner. 

Such  examples  eannot,  in  all  cases,  ])e  attribute*!  to  a  re<luction 
iVom  the  normal  pentacyclic  type.  On  the  contrary,  they  often 
represent  a  prinntive,  more  simple  type  (<.//.  the  Howers  of  the  Nettle 
and  its  allies).  The  absence  of  a  whorl  may  only  be  referred  to  its 
suppression,  when  such  a  conclusion  is  corroborated  by  other  evidence, 
sut  h  as,  for  examj»le,  may  be  derived  from  a  comparison  of  allied 
fcjrms,  as  in  the  case  of  the  Onhiildcaic,  in  which  the  andrtecium  is 
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represented  sometimes  by  an  outer,  sometimes  by  an  inner  whorl, 
while  the  perianth  and  gynoecium  at  the  same  time  exhibit  the  highest 
stage  of  development. 

Flowers  in  which  the  androecium  is  formed  by  a  single  complete 
whorl  are  said  to  be  haplostemoxous. 

In  addition  to  the  number  of  the  whorls,  the  number  of  the 
members  composing  the  single  whorls  is  subject  to  variation,  and  is 
due  similarly,  in  many  if  not  in  all  cases,  to  their  subsequent  diminu- 
tion by  reduction  or  to  their  multiplication  by  splitting. 

A  decrease  in  the  number  of  the  floral  leaves  of  a  single  whorl  (oli- 
gomery)  is  most  frequently  met  with  in  the  gynoecium,  which,  in  flowers 
with  a  pentamerous  perianth  and  androecium,  has  usually  but  three  or 
even  two  carpels.  Next  to  the  gynoecium  a  suppression  of  one  or  more 
members  of  a  whorl  is  most  frequent  in  the  androecium,  while  the 
perianth  rarely  consists  of  incomplete  whovh  (Pohjgala).  Multiplication  of 
the  members  of  a  whorl  (pleiomery)  occurs  most  often  in  the  androecium, 
less  frequently  in  the  gynoecium  (Malva),  still  less  frequently  in  the  peri- 
anth (Dryas  odopetala).  Flowers  with  incomplete  whorls,  resulting  un- 
questionably from  suppression,  are  met  with,  for  example,  in  the  family 
ScrojyJmlariaceae,  in  which  the  genus  Verhascum  possesses  five  fertile 
stamens,  while  in  Scrophularia  the  posterior  stamen  is  represented 
only  by  a  staminodium,  and  in  most  of  the  other  genera  it  is  altogether 
absent.  The  origin  of  a  pleiomerous  whorl  from  one  consisting  of 
fewer  members  is  equally  well  shown  in  the  flowers  of  Tilia,  where  the 
numerous  stamens  are  arranged  in  five  groups,  which  occupy  a  corre- 
sponding position  to  the  five  simple  stamens  of  allied  forms. 

The  Symmetry  of  the  Flower. — The  flowers  of  Angiosperms  are 
sometimes  actinomorphic  (radial),  sometimes  zygomorphic  (mono- 
symmetrical),  or,  more  rarely,  asymmetrical. 

Radial  flowers  exhibit  probably  the  more  primitive  structure,  since 
in  them  the  arrangement  of  the  members  varies  less  from  that  of  the 
vegetative  region.  The  derivative  origin  of  zygomorphic  flowers  is 
apparent  in  their  more  complicated  structure,  metamorphosis,  and  reduc- 
tion. Zygomorphism  is  always  indicative  of  a  high  degree  of  adapta- 
tion to  insect-pollination. 

A  flower  is  longitudinally  zygomorphic  when  the  plane  of  sym- 
metry coincides  with  the  median  plane  of  the  flower,  viz.  the  plane 
passing  through  its  axis  and  the  axis  of  the  main  stem  {e.g.  Orchidaceae, 
Lahiatae) ;  obliquely  zygomorphic  when  it  cuts  the  median  plane  at 
an  acute  angle  (Aesculus) ;  transversely  zygomorphic  when  it  cuts 
the  median  plane  at  right  angles  (Fumariaceae).  The  first  is  by  far 
the  commonest.  Occasionally  a  plant  which  otherwise  possesses  only 
zygomorphic  flowers  produces  others  of  a  radial  structure.  Such  ex- 
ceptional radial  flowers  are  termed  peloria,  and  are  regarded  as 
the  result  of  reversion  to  the  primitive  type. 

Floral  Diagrams  and  Formulae. — The  number  and  arrangement 
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of  the  Moral  leaves  are  most  clearly  represented  by  means  of  diagrams 
or  formal*.  Thf  manner  in  which  such  diagrams  may  be  constructed 
has  previously  been  explained  (p.  39).  In  a  floral  furinuhi  the 
single  whorls  are  indicated  by  letters,  the  number  of  their  members  by 
corresponding  figin*es,  or,  when  their  number  is  large  or  indefinite, 
by  X  .  The  union  of  parts  is  expressed  by  ( ),  superior  and  interior 
ovaries  by  a  line  above  or  l>elow  the  corresponding  figure,  zygomorphism 
byf.  ' 

Of  the  letters  employed  in  such  formuhv,  K  =  calyx,  C  =  corolla, 
P  =  perigone,  A  =  andra'cium,  G  -  gyna^ciuni.  The  following  are  ex- 
anjples  of  floral  formula^. 

Lily    ....  ra-f  3,  A  3  +  3,  G(3). 

Hutteicup  K     C  .5,  A  x  ,  G  x  . 

Apple  Blossom  .  K  5,  C  o,  A  x  ,  G  (5). 

IHgUalis  .    .    .  f  K     C     A  4,  G  (2). 


Fertilisation  and  its  Results 


The  Sexual  Generation. — The  male  i)iutlialliuni  of  the  Angio- 
sperni.'^,  like  that  of  the  ( 1  \  ninosperm.«^,  consists  of  a  small  antheridial 
and  a  large  vegetative  cell,  not  sei)arate(],  however,  by  a  partition  wall 
(Fig.  3^G).  The  antheridial  cell  divides  ultimately  into  two  nakt-d 
generative  cells. 

The  ovule  contains  one  embryo-sac,  very  nuely  more.  Within  the 
embryo-sac  only  six  cells  are  produced,  and  not,  as 
in  the  Gymno.>])ernis,  an  enclosed  tissue  consist- 
ing of  numerous  cells.  These  six  cells,  which 
remain  naked  until  fertilisation  takes  place, 
arrange  themselves  in  two  groups  at  the  poles 
of  the  embrvo  sac,  each  grou})  consisting  of  three 
cells. 

The  group  of  three  cells  at  the  nn'cropylar  end 
of  the  embryo-sac  constitutes  the  Kc;G-AlT.\HATr.s 
(Fig.  387).    It  comprises  the  kc;g-cell  and  two 


Fio.  380.  —  Tnulfgcant'nt 
vi  rijinica.  Pollen- 
jmiin  aft<T  division 
into  an  nntlieridinl 
and  vefiPtative  cell. 
(X  MO.) 


SYNElUilD/E,    so    designateil    because,  although 


functi 


on. 


remaining  sterile,  they  are  aj^parently  of  assistance 
in  the  fertili.'^ation  of  the  egg-cell.    The  cells  at 
the  other  ]tole  of  the  embryo-sac  fulfil  no  apparent 
riu'V  are  termed  ANTIPODAL  CELLS. 


K;;^-.il»I>ar;itiis  ami  aiitii'odal  rt-ll.s  iiro  togother  reganh'il,  prolmbly  correi'tly,  aji 
a  Vi'ry  HMhiced  juothalliuin,  lioniologous  with  the  undouhttMl  prutliallium  devt'lojK*d 
in  the  finhryo-sac  of  Gyninosi>orins.  In  .suitiKirt  of  tlus  view,  liowcvcr,  there  is  as 
yet  ini  pliylogenetic  evidence.  The  development  of  tlie  cells  takes  place  soniewliat 
ii-s  fallows. 
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The  nucleus  of  the  embryo-sac  divides  into  two.  Of  these,  one  moves  towards 
the  upper  micropylar  pole,  the  other  towards  the  lower  or  chalazal  pole.  Each 
nucleus  then  gives  rise  by  repeated  division  to  four  nuclei,  around  three  of  Avliich 
protoplasm  becomes  aggregated,  while  the  remaining  two  nuclei,  withdrawing 
towards  the  centre  of  the  embryo-sac,  meet  and  fuse  into  the  definitive  or  secondary 
nucleus  of  the  embryo-sac. 

The  three  naked  cells  at  the  microj-iylar  end  develop  into  the  egg-apparatus, 
the  three  at  the  chalazal  end  into  the  antipodal  cells. 

Fertilisation. — From  the  pollen-grains  conveyed  to  the  stigma  by 
the  wind  or  by  means  of  insects,  pollen-tubes  are  developed  which 


Fig. 


I.— Orchis  pollens,  ovule.  /,  Funi-      Fig.  3SS.— Ovary  of  Polygonum  Convolvulus  during  fertil- 


culus  ;  ii,  ie,  integuments  ;  m,  micro- 
pyle  ;  r,  raphe  ;  I,  air  -  cavity  ;  os, 
egg-apparatus  ;  a,  antipodal  cells  ; 
e,  embryo -sac  -with  nucleus,  n. 
(Magnified.) 


isation.  fs,  Stalk-like  base  of  ovary  ;  fu,  funiculus  ; 
cha,  chalaza ;  nu,  nucellus  ;  mi,  micropyle ;  ii, 
inner,  ic,  outer  integument ;  c,  embrj-o  -  sac ;  ck, 
nucleus  of  embryo-sac  ;  ei,  egg-apparatus  ;  an,  anti- 
podal cells;  g,  style;  n,  stigma;  p,  pollen -grains ; 
P^,  pollen-tubes,    (x  4S.) 


penetrate  the  canal  or  loose  parenchyma  of  the  style  (Fig.  388).  The 
tubes  increase  in  length  until  one  comes  in  contact  with  the  synergidse 
(Fig.  389).  One  of  the  generative  cells  is  then  transferred  through 
the  synergidse  into  the  egg-cell,  whereupon  fertilisation  is  effected,  as 
in  all  cases,  by  the  fusion  of  the  two  cells.  After  fertilisation  has 
taken  place,  the  synergidne   undergo  dissolution,  apparently  being 


absorbed  by  the  fertilised  egg. 


The  egg 


itself  becomes  invested  with 
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a  cell-wall,  and  ultimately  elongates  into  a  tube,  the  proembryo, 
which  divides  transversely  into  one  or  more  cells. 

Development  and  Structure  of  the  Seed 


The  embryo  is  developed,  for  the  most  part,  from  the  lowest 
cell  of  the  proembryo  derived  from  the  fertilised  egg  (Fig.  390).  It 


Fio.  3S9. —Fn  nkia  ovata.    Apex  of  micellus,  .sho\vin<i  ombryo  of  Capsclla  bjirsa  j^astons  (A-D). 

part  of  embryo-sac  and  e<>;g-apparatus.        Be-  h,  Hypophysis ;  et,  suspensor ;  c,  coty- 

fore,  B,  during  fertilisation  ;  o,  egg  -  cell ;  s,  ledons  ;  p,  plumule.    (After  Hanstein, 

synergidPE  ;  t,  pollen-tube  ;  it,  nucellus.    (x  COO.)  magnified.) 


is  represented  at  first  by  a  multicellular  sphere  terminating  the  filiform 
susrENSOii,  and  becomes  difteientiated,  generally  before  the  seed  is 
ripe,  into  a  radicle,  hypocotyl,  and  one  or  two  cotyledons.    There  are 
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cases,  however,  where  the  embryo  retains  in  the  ripe  seed  the  form 
of  an  undifferentiated  sphere  {e.g.  Orobmnche,  Orcliidaceae) . 

The  number  of  cotyledons  developed  is,  as  a  rule,  constant  and 
furnishes  the  most  characteristic,  although  by  no  means  the  only  method 
of  distinguishing  the  two  divisions  of  the  Angiosperms,  which  are 
accordingly  termed  Monocotyledons  and  Dicotyledons. 

The  embiy-o  sliows  so  much  variation,  not  only  in  both  divisions  of  the  Angio- 
sperms, but  within  the  different  families,  that  no  general  scheme  of  embryonic 
development  can  be  given.  In  many  Dicotyledons,  for  example  in  CaiiseUa  bursa 
past07'is  (Fig.  .390),  where  the  development  of  the  embryo  is  particularly  easy  to 
follow,  the  end  of  the  proembryo  farthest  removed  from  the  micropj'le  is  converted 
into  a  row  of  cells  by  the  formation  of  transverse  walls.  The  terminal  cell  expands 
into  a  sphere,  and,  undergoing  division,  becomes  divided  into  octants.  Each  octant 
cell  is  further  divided  by  periclinal  walls  into  an 
outer  and  an  inner  cell.  The  outer  cells  form  the 
ej)idermis  ;  the  inner,  by  continued  division,  give 
rise  to  the  fundamental  tissue  and  the  vascular 
bundles.  The  upper  half  of  the  sphere  develops  into 
the  cotyledons  and  plumule,  the  lower  half  into  the 
liypocotyl  and  root.  The  root  is  derived  in  part 
also  from  the  hypophysis,  a  cell  resulting  from  the 
transverse  division  of  the  next  adjoining  cell  of  the 
suspensor. 

The  cotyledons  first  appear  as  protuberances 
from  the  upper  half  of  the  sphere.  The  plumule 
does  not  become  differentiated  until  later. 

In  Monocotyledons  the  single  cotyledon  is 
usually  developed  at  the  apex  of  the  embryo  (Fig. 
391)  ;  but  in  some  cases  {Dioscoreaceae)  it  arises 
laterally,  as  in  the  Dicotyledons. 

Adventitious  embryos  are  sometimes  pro- 
duced by  both  Dicotyledons  and  Monocotyledons 
{e.g.  Fuiikia  ovata)  by  the  budding  of  cells  of  the 
nucellus  in  the  neighbourhood  of  the  egg -appa- 
ratus. The  fertilised  egg,  as  a  rule,  does  not  then 
continue  its  development  (Fig.  216).  In  the  case 
of  Coelchogync,  adventitious  embryos  are  formed 
even  when  no  fertilisation  of  the  egg  has  taken 
place.  Seeds  in  a  ripe  condition,  which  contain  several  such  adventitious  embryos, 
afford  examples  of  polyembryony.  Ovules  provided  with  several  embryo- 
sacs  do  not  exhibit  polyembryony,  as  in  that  case  only  one  embryo  attains  full 
development. 

During  the  development  of  the  embryo  a  parenchymatous  tissue, 
termed  the  endosperm,  is  formed  within  the  embryo- sac,  usually 
completely  filling  its  remaining  free  space  ;  this  arises  by  a  process 
of  multicellular  formation  preceded  by  free  nuclear  division  (p.  66), 
or  by  repeated  cell-division.  In  some  species  of  plants  the  endosperm 
is  completely  disorganised  and  supplanted  by  the  growing  embryo ;  in 
other  cases  it  occupies  a  larger  or  smaller  part  of  the  ripe  seed. 


Fig.  391. — Young  embrj'o  of  Alismo. 
riantojjo.  C,  Cotyledon  ;  v,  grow- 
ing point.  (After  Hansteix, 
magnified.) 
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Seeds,  when  ripe,  consist  of  the  seed-coat  (testa  and  tegumen), 
embryo,  and  nutritive  tissue.  The  nutritive  tissue  is  not,  however, 
found  in  all  cases. 

The  SEED-COAT  is  variously  constructed,  usually  hard  and  dry ;  it 
is  sometimes  invested  by  a  fleshy  aril  developed  from  the  chalaza. 
The  NUTRITIVE  TISSUE,  or  so-called  albumen,  either  takes  the  form  of 
a  perisperm  derived  from  the  nucellus  (Fig.  363),  or,  as  is  more 
frequent,  it  is  represented  by  the  endosperm.  A  seed  may  at  the 
same  time  be  provided  with  both  a  perisperm  and  an  endosperm. 
Both  tissues  usually  consist  of  a  thin-walled  parenchyma,  the  cells  of 
which  are  packed  with  reserve  material,  aleurone  grains,  starch,  fat, 
etc.,  to  serve  for  the  nourishment  of  the  embryo  (Fig.  392).    In  the 


Fig.  392.— Part  of  section  through  one  of  the  coty- 
ledons of  the  Pea,  sliowing  cells  with  reserve 
material,  am,  Starch  grains  ;  al,  aleurone  grains  ; 
p,  protoplasm  ;  n,  nucleus cell-wall;  inter- 
cellular si^ace. 

absence  of  special  nutritive  tissues  this  function  is  performed  by  the 
cotyledons,  which  then  exhibit  a  similar  structure.  Sometimes,  as  in 
the  endosperm  of  Flu/felephas  macrocarpa  (Fig.  393),  valuable  technically 
as  vegetable  ivory,  the  cell-walls  of  the  nutritive  tissue  are  enormously 
thickened  ;  they  consist  of  nearly  pure  cellulose,  and  are  converted 
during  germination  into  soluble  foo<l  materials. 

On  GKinilXATlox  the  cotyledons  may  remain  within  the  seeds  in 
the  ground  (hypogean,  e.<j.^  m  the  Pea),  or,  appearing  above  the 
surface  of  the  soil,  they  may  unfold  and  turn  green  (epigean,  e.g.  the 
Lupine).  In  the  latter  case  they  are  frequently  more  or  less  leaf-like 
in  character,  but  they  always  differ  in  form  and  structure  from  the 
ordinary  foliage-leaves. 


Fig.  393.— Cell  from  the  endospenn  of  Phyt- 
dephas  mocrocarpa,  with  reserve  cellu- 
lose.   (X  340.) 
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The  Fruit 

The  fruit  of  Angiosperms  has  a  more  varied  and  complicated 
structure  than  in  the  case  of  Gymnosperms,  whose  flowers  suffer  but 
slight  modification  in  formation  of  the  fruit. 

The  fruit  j^ossesses  a  different  structure  according  as  it  is  derived 
from  an  apocarpous  or  a  syncarpous  gynoecium.  In  the  first  case  the 
ripe  carpels  are  separate  and  are  termed  fruits  ;  in  the  second  the 
carpels  continue  united,  at  least  until  the  maturity  of  the  fruit.  A  fruit 
of  a  more  complicated  structure  occurs  when  other  members  of  the 
flower  than  the  gynoecium  take  part  in  its  formation.  Aggregated 
fruits  of  this  nature  have  been  already  described  (p.  433). 

That  part  of  the  fruit  enveloping  the  seeds,  consisting  sometimes  of 
the  carpels  alone,  sometimes  of  the  carpels  and  the  adherent  receptacle, 
is  termed  the  pericarp  or  fruit-wall.  The  pericarp  frequently 
appears  to  be  differentiated  into  zone-like  layers  of  tissue.  The 
outer  layer  is  then  termed  the  exocarp,  the  innermost  the  ENDOCARP, 
and  the  layer  sometimes  lying  between  them  the  mesocarp. 

According  to  the  character  of  the  pericarp  and  its  condition  at 
maturity,  several  varieties  of  fruit  have  been  distinguished,  of  which 
the  following  are  the  most  important. 

I.  The  Capsule. — Fruit  with  a  dry  pericarp,  dehiscing  at  maturity. 
Most  frequently  the  carpels  separate 
from  one  another  by  longitudinal 
slits  (sEPTiciDAL  dehiscence),  or 
each  carpel  is  split  in  half  longi- 
tudinally (loculicidal  dehiscence, 
Fig.  394).  In  more  rare  cases  the 
seeds  escape  through  pores  (pori- 

CIDAL  dehiscence,  e.g.  Papaver).  Fig.  394.— Diagrammatic  sections  of  capsules, 

The  following  distinctive  forms      'iT'""^-  '^'p^*'^^"^  ^'^^  ""'^  locuiicidai  (zj) 

c  -,  .  dehiscence. 

of  capsules  have  been  recognised. 

(a)  The  follicle,  consisting  of  a  single  carpel,  which  dehisces  along 
the  ventral  suture  {Paeonia,  Aconitum). 

if})  The  LEGUME  or  pod,  consisting  of  a  single  carpel,  which, 
however,  dehisces  along  both  the  ventral  and  dorsal  suture  (Pea,  Bean, 
and  many  other  Leguminosae). 

(c)  The  SILIQUA,  consisting  of  two  carpels,  which  separate  at 
maturity,  leaving  a  persistent  partition  wall  (the  majority  of  the 
Cruciferae,  e.g.  Capsella  bursa  2)ctst oris). 

(d)  The  PYXIDIUM,  opening  at  maturity  with  a  lid-like  valve 
( A nagallis,  Hyoscyamus) . 

II.  Dry  Indehiseent  Fruit. — This  type  comprises  fruits  with  a  dry 
pericarp,  which  neither  dehisce  at  maturity  nor  break  up  into  separate 
carpels.  Indehiseent  fruits  with  a  hard  dry  pericarp  are  termed  nuts. 
An  indehiseent  fruit  containing  one  seed  and  having  a  leathery  pericarp 
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is  distinguished  as  a  caryopsis  (Grasses)  if  the  pericarp  is  adlierent  to 
the  seed,  if  not  it  is  termed  an  achene  {Co/ujmifae). 

III.  The  Sehizocarp  is  a  dry,  many-chambered  fruit,  in  which  the 
carpels  separate  from  one  another  at  maturity  without  dehiscing  {Um- 
helliferae,  Malca). 

IV.  The  Berry  has  both  a  juicy  endocarp  and  mesocarp  (Grape, 
Apple).  In  a  few  cases  fruits  of  this  type  dehisce  at  maturity  by  slits 
(Myristica),  or  become  irregularly  ruptured  {Erhnllixun). 

V.  The  Stone-fruit  or  Drupe. — The  pericarp  is  differentiated  into 
a  soft,  generally  juicy,  exocar])  and  a  hard  endocarp  (Cherry,  Walnut). 
A  single  stone-fruit  may  contain  several  stones  {Rhammis  cathartka). 
The  exocarp  is  sometimes  dry  and  spongy  (Coco-nut). 

Just  as  the  great  variety  of  form  displayed  in  flowers  has  been  a 
result  of  tlieir  adaptation  to  a  particular  mode  of  pollination,  so  in  fruit 
it  has  been  intimately  connected  with  the  manner  of  seed  dissemination 
(see  Dissemination  of  Seeds,  p.  291). 

The  Inflorescence 

The  flowering  shoot  frequently  bears  only  a  single  flower,  which 
may  then  be  either  axillary  or  terminal.  In  many  cases,  however,  the 
metamorphosis  of  the  generative  region,  which  results  in  the  production 
of  flowers,  has  led  to  the  formation  of  a  special  system  of  fertile  shoots 
termed  an  inflorescenx'E  or,  after  the  fruit  is  formed,  an  infructes- 
CENCE. 

The  modifications  exhibited  by  the  fertile  shoots  of  such  an 
inflorescence  are  due,  partly  to  a  difference  in  their  mode  of  branching, 
partly  to  the  reduction  or  the  metamorphosis  of  their  leaves.  These 
changes  are  the  result  of  an  adaptation  to  ])ollination,  in  the  endeavour 
to  aggregate  the  flowers  and  at  the  same  time  render  them  more  con- 
spicuous by  the  reduction  of  the  foliage-leaves.  Sometimes  the  whole 
system  of  fertile  shoots  is  converted  into  an  attractive  apparatus,  as  in 
the  Araceae,  where  the  axil  and  the  subtending  leaf  of  the  inflorescence 
have  assumed  the  function,  usually  exercised  by  the  perianth,  of 
enticing  insects. 

Viewed  from  a  purely  morphological  standpoint,  two  tyi)es  of 
inflorescences  may  be  distinguished,  the  botryose  (racemose,  mono- 
podial)  and  the  cymose  (sy.mpodial). 

I.  Botryose  Inflorescences.  —  The  main  axis  branches  more 
vigorously  than  the  lateral  axis. 

A.  LATERAL  AXES  UNBRANCHED 

(«)  The  Kaceme. — The  main  axis  is  elongated  and  bears  stalked 
flowers  (Fig.  395,  B). 

(b)  The  Spike. — The  main  axis  is  elongated  and  bears  sessile 
flowers  (Fig.  395,  C). 
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A  SPADix  is  a  spike  with  a  fleshy  axis  ;  a  catkin  a  spike  which, 
after  flowering  or  when  the  fruit  is  ripe,  falls  as  a  whole  from  the  plant. 

(c)  The  Umbel. — The  main  axis  is  contracted  and  bears  stalked 
flowers  (Fig.  395,  D). 


Fig.  395.— Diagrams  of  racemose  inflorescences.  A,  Panicle  ;  B,  raceme  ;  C,  spike  ;  D,  umbel ; 

E,  capituluni. 

{(I)  The  Capitulum. — The  main  axis  is  contracted  and  bears 
sessile  flowers  (Fig.  395,  E). 

B.   LATERAL  AXES  BRANCHED 

{e)  The  Panicle. — In  the  panicle,  as  the  term  is  generally  used, 
the  main  axis  is  longer  than  the  lateral  axis,  the  whole  inflorescence 
being  correspondingly  elongated  (Fig.  395,  A). 

A  CORYMB  is  a  flattened  panicle  ;  an  ANTHELA  a  panicle  in  which 
the  lateral  axes  overtop  the  central  axis. 

II.  Cymose  Inflorescences. — The  lateral  axes  grow  more  vigorously 
than  the  main  axis  for  the  time  being,  and  form  a  pseudaxis. 

(a)  The  Monochasium. — Each  relative  main  axis  produces  only 
one  branch. 

A  monochasium  is  termed  a  helicoid  cyme  or  bostryx  when  the 
lateral  branches  always  arise  on  the  same  side  of  the  pseudaxis 
(Fig.  396,  6%  a  scorpioid  cyme  or  cincinnus  when  they  occur 
alternately  on  opposite  sides  (Fig.  396,  B). 

lb)  The  Dichasium. — Each  relative  main  axis  produces  two 
branches  (Fig.  396,  A). 

(c)  The  Pleiochasium. — Each  relative  main  axis  produces  more 
than  two  branches. 

Cymose  frequently  resemble  racemose  inflorescences,  and  are  then 
termed  cymose  panicles,  cymose  spikes,  cymose  racemes,  etc. 

By  the  further  branching  of  an  inflorescence,  compound  inflor- 
escences may  occur  which  are  constructed  after  the  same  type  (e.g.  the 
compound  umbel  of  the  UmbeUiferae),  or  consist  of  a  union  of  several 
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types  (f'.g.  the  corymbs  of  Achillaea  formed  by  an  aggregation  of 
capitula). 

An  inflorescence  is  also  usually  provided  with  more  or  less 


c 

Fig.  390. — Diagrams  of  cymose  inflorescences.    A,  Dichasium  ;  B,  bostrj'x,  or  helicoid  cjTiie  ; 
C,  cincinnus,  or  scorpioid  cyme. 

reduced  bracteal  leaves  or  hypsophylls  ;  those  from  the  axil  of  which 
a  flower  or  flowering  shoot  springs  are  called  subtending  leaves  or 
BRACTS,  while  the  leaves  borne  on  the  stalks  of  the  flowers  are  desig- 
nated BRACTEOLES  or  PROPHYLLA. 


Sub-Class  I 

Monocotyledones 

Flowers  constructed  for  the  most  part  after  the  TRIMEROUS,  penta- 

cyclic  type  ;  seeds  usually  abund- 
antly provided  with  nutritive 
tissue  ;  embryo  with  ONE  coty- 
ledon. Herbs  and  woody  plants 
with  CLOSED  and  usually  scattered 
vascular  bundles  (Fig.  397),  nearly 
always  avithout  cambium  ;  when 
a  cambium  is  present,  it  lies  out- 
side the  vascular  bundles.  Leaves 
commonly  with  parallel  nerva- 
tion. 

The  embryo,  in  the  majority  of 
Monocotyledons,  is  small  in  com- 
parison with  the  all>umen  (endo- 
sperm, rarely  perisperm).    It  con- 

FiG.  397.— Transverse  section  of  the  stem  of  sistS,  aS  a  rule,  of  a  sllOrt  hypo- 
ZeaMais.  cr,  Vascular  bundle.  (Forfurther  cotvl,  with  a  Still  shorter  rOOt^aud 
description  see  p.  10v»  and  Fig.  1*24.)  i     •     i     i  i    i  i  •  i 

a  relatively  large  cotyledon,  which 
on  germination  remains  wholly  or  in  part  enclosed  within  the  seed, 
and  exhausts  the  albumen  of  its  food  material. 
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Fig.  398.— Diagram  of  a 
typical  Monocotyle- 
donous  flower. 


The  primary  root  dies  prematurely  and  is  replaced  by  adven- 
titious roots,  which  usually  live  but  a  short  time,  and  are  in  turn 
superseded  by  others  developing  successively  higher  and  higher  on 
the  stem.  The  roots  are  generally  unbranched, 
and  exhibit  secondary  growth  in  thickness  only 
in  the  few  cases  when  a  cambium  is  present  in 
the  stem. 

The  stem  of  most  Monocotyledons  is  simple ; 
when  branching  does  occur,  it  rarely  results  in 
the  formation  of  a  profusely-branched  crown  (with 
respect  to  the  disposition  and  structure  of  the 
vascular  bundles  of  the  stem,  see  p.  102  ;  for 
occurrence  and  description  of  secondary  growth, 
p.  138).  The  leaves  are  always  devoid  of  stipules, 
and,  in  the  majority  of  cases,  alternate,  arranged 
in  two  or  three  ranks.  They  generally  have  a 
well-developed  sheathing  leaf-base,  are  without  stalks,  and  are  lineal 
or  elliptical  in  shape  and  parallel-nerved,  although  leaves  otherwise 
constructed  not  unfrequently  occur  (Fig.  399). 

The  structure  of  Monocotyledonous  flowers  may  be  traced  back, 
in  almost  every  case,  to  the  trimerous  pentacyclic  type  (Fig.  398). 
It  may  accordingly  be  inferred  that  the  flower  of  the  ancestral  form 
was  actinomorphic,  and  composed  of  five  alternating  trimerous  whorls, 
each  whorl  consisting  of  similar  members. 

This  type  has  been  retained  unchanged  in  many  Monocotyledons ; 

in  others,  modifications  have  occurred  in  the  course 
of  their  phylogenetic  development,  resulting  some- 
times in  a  transition  from  an  actinomorphic  to  a 
zygomorphic  or  asymmetrical  structure,  sometimes 
in  a  reduction  in  the  number  of  members  in  the 
whorls,  less  frequently  in  an  increase.  The  more 
important  of  these  deviations  from  the  usual  type 
will  be  noticed  in  detail  in  the  descriptions  of  the 
single  families. 

The  perianth  is  not  usually  differentiated  into  a 
calyx  and  corolla ;  it  is  small  and  inconspicuous  or 
large  and  highly  coloured  according  to  the  mode 
of  pollination,  whether  effected  by  the  wind  or 
insects.  In  a  few  cases  of  entomophilous  pollina- 
tion the  perianth  remains  insignificant,  and  other 
parts  of  the  plant  assume  the  function  of  an 
attractive  apparatus. 

The  Monocotyledons  are  divided  into  the  following  orders  :  Liliiflorae,  Enan- 
tioblastae,  Spadicijiorae,  Glumifiorae,  Helohiae,  Scitamineae,  Gynandrae.  These 
orders  do  not  constitute  a  continuous  series,  beginning  with  the  most  primitive 
forms  and  successively  ascending  to  those  more  highly  developed,  but  represent 


Fig.  399.  —  robj(jonatum 
multifloruni,  leaf  with 
parallel  veuatiou. 
(Nat.  size.) 
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ratlier  a  group  of  isolated  branches,  of  which  the  common  stock  has  become 
extinct. 

The  Scitaminear  and  Gi/naw/rae,  the  most  highly  developed  of  the 
Monocotyledons,  have  probably  arisen,  however,  from  the  LUiifloni.e. 
Many  things  seem  to  indicate  that  the  primitive  Monocotyledons  were 
grass-like  and  adapted  to  M'ind-poUination  ;  in  particular,  the  circum- 
stance that  the  simplest  representatives  of  several  of  tlie  orders  possess 
such  a  form,  while  the  orders  Scitarnincae  and  Gf/uaKiIrac,  in  which 
this  is  not  the  case,  are  manifestly  of  later  origin. 


Order  1.  Liliiflorae 


Fig.  400.— Diagram  of  the 
flower.s  of  most  Lilii- 
floroe. 


Type. — Flower  hypo-  or  ei)igynous,  actixomorphic,  rarely  slightly 
zygomorphic,   always  with  a  PERIANTH  consist- 
^  ing  of  complete,  fully-developed  whorls  :  P.3  ^  3, 

A  3  +  3  or  A  3,  G  (3).  Ovary  three-locular.  Ovules 
anatropous  or  campylotropous,  rarely  atropous. 
Endosperm  always  present,  enclosing  the  embryo. 

In  the  majority  of  the  Liliijioraf,  the  flowers 
exhibit  the  typical  Monocotyledonous  form  (Fig. 
400),  and  are  actinomorphic,  with  five  trimerous 
wiiorls,  the  members  of  each  whorl  being  similar. 
The  slight  zygomor})hism  displayed  by  some  of 
the  forms  is  occasioned  by  the  one-sided  curvature 
of  the  stamens.  The  only  essential  deviation 
from  the  Monocotyledonous  type  is  restricte«l  to 
a  few  families,  and  consists  in  the  suppression  of  a  wh<n-l  of  the 
androjcium.  The  suppression  of  single  members  of  the  whorls  does 
not  occur. 

In  some  genera  the  whorls  are  composed,  instead  of  three,  of  two,  four,  or  five 
members.  These  variations  are  due  neither  to  reduction  nor  to  splitting,  and 
are  attributable  to  differences  existing  in  the  very  rudiments  of  the  organs.  The 
number  of  members  in  the  whorls  may  vary  even  in  the  same  species,  e.g.  in  Pans 
quadrifolia,  which,  in  addition  to  the  usual  tetramerous  flowers,  not  unfrecpiently 
produces  others  constructed  on  tlie  plan  of  five  or  six. 

The  Liliiflorae  are,  with  few  excei)tions,  herbs,  in  which  the  sub- 
terranean parts  often  take  the  form  of  ])erennial  rhizomes  or  bulbs, 
while  the  aerial  shoots  usually  die  after  the  ripening  of  the  seeds.  In 
only  the  simplest,  ai)parently  oldest,  grass-like  forms  are  the  flowers 
inconspicuous  and  adai)ted  to  wind-pollination  ;  otlierwise  they  are 
lar£!;e,  Ix'autifully  coloured,  solitary  or  aggregated  into  loose  inflor- 
escences. 

The  dilferences  between  tlie  laniilies  are  not  uniformly  constant  ;  on  the  con- 
trary, in  some  of  the  species  of  almost  every  tamily,  characteristics  distinctive  of 


other  families  occur. 
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number.  Similarly,  in  nearly  every  family  transitional  forms  are  found  which  link 
the  different  alliances  together. 

Of  all  the  families  of  the  Liliiflorae,  the  Juncaceae  probably  resemble  most 
clearly  the  primitive  type.  From  primitive  forms,  similar  to  this  family,  have  arisen 
on  the  one  side  the  Liliaceae  (some  of  the  representatives  of  Avhich  still  possess  a 
grass-like  character),  and  on  the  other  side  the  Glumijiorae.  Most  of  the  other 
Liliiflorae,  e.g.  the  Amaryllidaeeae  and  Iridaceae,  are  probably  descended  from 
the  Liliaceae,  as  well  as  the  orders  Gynandrae  and  Scitamineae,  but  in  these  meta- 
morphosis and  reduction  have  advanced  further. 


Family  Juncaceae. — Flowers  hypogynous,  hermaphrodite,  with 
GLUMACEOUS  perigoiie  ;  pollen  in  tetrads  ;  ovary  three-  or  four-locular ; 
three  long  papillose  stigmas,  endosperm  mealy  ;  GRASS-LIKE  plants  (Fig. 
401). 

On  account  of  their  similarity  to  Grasses,  the  Juncaceae  are  often 
classified  with  the  Glumijiorae,  although  in  the  structure  of  their 
flowers  they  agree  essentially  with  the  Lili- 
aceae, their  points  of  disagreement  being  for 
the  most  part  due  to  their  different  mode 
of  pollination.  In  the  Juncaceae  pollination 
is  effected  by  the  wind  ;  their  flowers  are 
correspondingly  inconspicuous  and  provided 
with  dry  pollen  and  large  papillose  stigmas. 
The  inflorescences  are  variously  constructed 
and  of  diff"erent  types.  The  fruit  is  a  cap- 
sule. In  the  genus  Juncus  (Bog-Rush)  the 
capsules  are  many-seeded ;  in  Luzula  (Wood- 
Rush),  three-seeded. 

Geographical  Distribution. — The  Jun- 
caceae grow  in  the  temperate  and  cooler  zones 
of  both  hemispheres. 

Family  Liliaceae. — Flowers  hypogynous  ; 
perigone  corollaceous  ;  six  stamens ;  seed 
with  endosperm,  which  is  either  oily  or  con- 
sists largely  of  cellulose  (Figs.  402-405). 

Most  of  the  Liliaceae  are  succulent  herbs 
with  perennial  bulbs  or  rhizomes ;  the  species 
of  Aloe  and  Dracaena,  however,  are  in  part 
shrubs  or  small  trees.  The  leaves  are  not  segmented  into  stalk  and 
lamina,  and  are  usually  narrow  in  proportion  to  their  length,  undivided 
and  rarely  toothed  {e.g.  some  species  of  Aloe).  The  flowers,  which  are 
often  large  and  conspicuous,  are  solitary  and  terminal,  as  in  the  Tulip, 
or  are  aggregated  in  clusters,  like  the  Hyacinth,  less  frequently  in  pro- 
fusely-branched and  complicated  inflorescences.  They  are  adapted 
to  insect-pollination  and  are  provided  with  means  of  enticement,  such 
as  white  or  highly-coloured  perigone  leaves,  sweet  perfume,  nectaries, 
etc.    The  fruit  is  a  capsule  or  berry. 

2  K 


Fig.  401. — Juncus  lamiwocorpus. 
a,  Part  of  an  inflorescence ; 
single  flower  {h)  and  gyn- 
(jecium  (c)  more  highly  magni- 
fied. 
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Sui5-Families  axi)  Representative  Genera. — (1)  Melanthoidcae.  Three 
styles,  septicidal  capsules;  Vcratrum  ;  Colchicum  ;  Sahadilla.  (2)  Lilioidea.  One 
style,  loculicidal  capsules  ;  Tuliim,  Liliuni  (with  a  nectary  groove  in  each  perianth- 
leaf)  ;  Ht/acintJtus  ;  Muscari ;  Ornithogalum  (Fig.  402);  Scilla  ;  Urginea  ;  AUiinn, 
bulbous  ])lants  with  radical  leaves  and  compound  1)ostrychoid  inflorescences  ;  Aloe. 
(3)  Asparagoidcae,  without  bulbs;  fruit  a  berry;  Poh/gonatum  ;  Majanthrmum, 


Fig.  402. — «-c,  (Jinitloxjalatu  unibcllatttin  ;  c,  entire  plant  (reilucftl);  Huwer  (nat.  size);  r,  flowtr, 
part  of  perigone  and  andra*cinm  removed  ;  d,  fruit ;  e,  fruit  in  transverse  section ;  /-</, 
Colchicum  out  umnale  ;  f,  fruit  in  transverse  section;  g,  section  through  seed  showing  endo- 
sperm (r).   (r-fjr  magnified.) 

with  dimerous  flower  ;  Convallai  itt ;  Paris ;  Asp((i-agi(}t,  witli  needle-shaped,  leafless 
[•ranches  ;  Siailax ;  Dracaena,  dichotomously  l)ranching  trees  with  secondary 
growtli. 

Geographical  Distribution. — Members  of  the  large  family  ZiVmcfac  are  found 
widely  distributed  in  all  zones,  yvt  a  preference  seems  to  be  shown  for  the  dry 
warmer  parts  of  the  Temperate  Zone.  Numerous  species  are  found  in  fields  and 
meadows  of  the  ^lediterranean  countries.  ^Members  of  this  family  occur  in 
profusion  in  South  Africa,  wliere  during  the  short  spring,  in  company  with  other 
bulbous  and  tul)erous  i)lants  {Iruiaccac,  Amaryllidaceae,  Orchidnccae),  they  cover 
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the  earth  with  a  carpet  of  purple,  red,  yellow  and  wange  flowers  onfy  to  disappear 

cm  tilie  first  approach  of  the 
dry  season,  the  undergroand 
portions  alone  ranaimng  alive. 
Many  LUiaetae  are  cnltiTated 
as  vegetables — Asparagms  ojfi- 
dmalis,  asparagus ;  AUinm 
(kfa,  onioD ;  A.  aativtnm,  Eng- 
lish garlic ;  A.  Sdtoemopnumm, 
chires ;  A.  aaoaUmiemwi^  shal- 
lots. Other  LUiaeeae  are 
fiiTniliaT-  as  oniamental  plants  : 
the  Tarioos  species  of  ToKp, 
Hyacinths,    UUnm,  ScLOa, 


Fig. -M3.— CUdkkw  ofnMfaL  «, 

(1  mt.  snr);  6,  leafy  akoot  viOi  fruit  Q  nat.  size). 
—Poisaxors  and  Oftkxxal. 

FritiUaria,  Yucca,  Dracaena,  Aloe,  etc. 

PoLsoxors. — Colekiemm  autmrnmale. 
Meadow  Saffron  (Fig.  403}.    It  possesses  a 

snbtenanean  tnber,  which  gives  rise  to  I^g.  ^.>L-i\rnV  (f  mt  aze).- 

the  rose-coloored,  fiuinel-shaped  flowers  in 

Angnst  or  September,  followed  in  the  socceeding  sparing  by  the  leaves  and  froit : 
at  other  seasons  of  the  year  the  plant  exists  only  in  the  fiwm  of  a  tnber.  Tte 
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IVuit  is  a  trilocular,  many-seeded  capsule.    Tlie  whole  plant,  particular]}'  the 

tubers  and  seeds,  contains  a  large  per- 
centage of  the  poisonous  alkaloid  col- 
cliicin.  Vemtrum  album  is  a  profusely 
leaved,  tall  herb  growing  in  meadows  in 
mountainous  regions,  with  a  fleshy,  per- 
ennial rhizome  ;  the  numerous  gi-een, 
choripetalous  flowers  are  aggregated 
into  a  terminal,  })yramid-shaped  panicle. 
The  poisonous  properties  of  the  plant 
are  due  to  the  presence  of  veratroidin 
and  jervin,  Paris  quadri/olia,  Herb 
Paris  (Fig.  404),  is  an  herb  with  a 
single  whorl  of  four  leaves.  Each 
plant  produces  one  terminal  tetramer- 
ous  flower  of  a  greenish  colour, 
from  which  the  fruit,  a  black  berry, 
develops.  The  toxic  principle  in  this 
case  is  paridin.  The  Lily  of  the  Valley 
{CmivallarM  majalis),  the  bulbs  of  the 
Tulip  (Tulipa)  and  of  the  Crown 
Imperial  {FritiUarki  inipcHalis)  are 
also  more  or  less  poisonous. 

Officinal.  —  Culchicum  autunuuile 
yields  Semen 
CoLCHici ;  Fcr- 
atrum  album, 

R  H  I  Z  O  M  A 

A^EiiATUl  ;  Sa- 
badilla  ojficin- 
arum  (grass - 
like,  small- 
leaved  bulbous  plants  of  Central  America  and  Vene- 
zuela) ;  Veuatrinum.  Aloe  is  derived  from  the  evapor- 
ated sap  of  the  leaves  of  South  African  Aloe  species 
(herbs,  shrubs  or  small  trees  with  fleshy,  often  serrate 
leaves  ;  inflorescence  a  loose  raceme  with  leafless  or  scaly 
axis  ;  perigone  leaves  united  into  a  tube,  Fig.  405). 
Urginea  maritima  (Mediterranean  bulbous  plants 
with  leafy  stalk,  terminating  in  a  raceme  of  white 
flowers)  yields  Bulbus  Scillae  {Squill).  Radix  Sarsae 
or  Sarsaparilla  is  procured  from  Central  American 
species  of  Soiilax  (for  the  most  part  prickly  plants  climb- 
ing by  tendrils  ;  flowers  diu'cious,  greenish  ;  ovules 
atropous). 


J.  I. 


Fig.  405.— JZoc  socotrina.    1,  Entire  plant  (re- 
duced) ;    2,  a  flower. —  OF/vc7.v.4i.  (After 

WOSSIDLO.) 


Family  Amaryllidaeeae. — As  in  the  Liliaceae, 
except  that  the  flowers  arc  kimcynous  (Fi<;. 
40G). 

llerl)s,  usually  bulbous  ;  very  similar  to  the 
ance  and  mode  of  life. 


Fig.  400.  —  Leucojum  nesti- 
rum.  a,  Ijiflorescence 
(r»Mlnc«Hl) ;  h,  ^  iHeciuiii 
and  andra-cinni  (iiat. 
siz«'). 


m  appear- 
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Representative  Ge'SERa. —Xarcissus,  with  a  corona  or  inner  corolla  arising 
from  the  androecium  ;   Galanthus ;  Leucojum ;   Agave,  re- 
sembling the  Aloe  in  appearance. 

Geographical  Distributiox. — The  same  as  the  Liliaceac. 
The  Agave  Americana  from  Mexico  has  grown  wild  in  the 
neighbourhood  of  the  Mediterranean,  and  has  now  become  a 
characteristic  plant  of  that  region.  Galanthus  nivalis,  Snow- 
drop ;  Leucojum  vernum,  Snowfiake  ;  Narcissus  poeticus  and 
N.  pseudonarcissus,  etc.,  are  familiar  cultivated  plants. 

Family   Iridaeeae.  —  The   inner   circle  of 

STAMENS   IS   SUPPRESSED,   Otherwise  similar  to  the   Fig.  407.— Floral  dia- 

Amanjllidaceae  (Figs.  407,  408).  gram  of  the  znc?aceac 

The  Iridaeeae  are  herbaceous  plants  with  rhiz- 
omes,  rarely  with  bulbs  ;  they  are  very  similar  to  the  two  preced- 


FiG.  AOS.— Iris  fiorentina.  A,  Rhizome  with  stem  and  leaves  (reduced) ;  B,  inflorescence  (reduced) ; 
C,  stigmatic  branch  and  stamen  ;  D,  ovary  in  longitudinal  section  ;  E,  ovary  in  transverse 
section.— Offictxa  l. 
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ing  families,  but  frequently  have  narrow,  two-ranked,  equitant  leaves. 
The  flowers  are  usually  large  and  showy;  the  fruit  is  a  loculicidal  capsule. 

Representative  Genera. — Iris,  with  rhizome,  and  equitant,  sword-shaped 
leaves  and  petaloid  stigmas  ;  Crocus,  with  tuberous  rhizome,  and  linear  leaves  (not 
equitant)  ;  Gladiolus,  with  zj-gomorphic  flowers. 

Geographical  Distribution. — Like  the  Liliaccac,  the  Irida<:cac  are  particularly 
abundant  in  Southern  Africa.  Various  species  of  Iris,  Crocus,  Gladiolus  are  culti- 
vated as  ornamental  plants. 

Officinal. — Iris  (/crtna/iica,  I.  imllida,  and  /.  Jlorentina,  all  Mediterranean 
species,  sujjply  Orris  Root,  Rhizoma  Iridis.  The  stigmas  of  Crocus  sativus 
(cultivated  in  diff'erent  localities  in  the  East)  yield  Saffron  or  Crocus. 

To  the  Liliiflorac  belong  also  the  following  families  : — Dioscoi'caccac,  Yam 
family,  dioecious,  small-flowered,  twining  plants  which  dirt"er  only  in  liabit  from 
the  Amaryllidaceac.  Haemodoraceae,  Bloodwort  family,  differing  from  the 
Amaryllidaceae  in  the  suppression  of  the  outer  whorl  of  the  andrcecium. 
Bromeliaceac,  Pine-Apple  family,  for  tlie  most  part  epiphytic  herbs  with  stifl", 
sword-shaped  leaves  forming  a  rosette,  from  the  centre  of  which  springs  a  flower- 
stalk,  in  most  instances,  with  red  bracteal  leaves  and  flowers  aggregated  into 
compact  racemes.  The  perianth  is  differentiated  into  calyx  and  corolla.  The 
Broincliaceae  all  grow  in  America,  chiefly  in  the  Tropics,  Avhere  they  live  partly  as 
epiphytes  on  trees,  and  partly  terrestrial  in  the  clefts  of  rocks.  To  the  latter 
class  belongs  Ananassa  saliva,  whose  inflorescence  constitutes  the  fruit  familiarly 
known  as  Pine-apple. 

Order  2.  Enantioblastae 

Flowers  hypogynous,  often  reduced  ;  ovules  atropous  ;  embryo  lying  out- 
side of  the  mealy  albumen. 

The  Enantioblastae  are  gi-ass-like  or  herbaceous  jtlants,  with  small  inconspicuous 
flowers,  constructed  according  to  the  regular  Monocotyledonous  type  or  more 
or  less  reduced,  and  usually  aggregated  in  compact  inflorescences. 

This  order  inhabits  i)rincii)ally  the  Trojiics  and  the  Southern  Hemisphere.  It 
comprises  chiefly  the  fiimilies  Cciitrolcpidaccac,  Bcstiaceae,  Eriocaulaccac, 
Xyridaccac,  and  Commelinaceac.  Some  Co)nmclinaccac,  especially  various  species 
of  Tradcscantia,  are  cultivated  as  ornamental  plants. 

Order  3,  Spadieiflorae 

Flowers  hypogynous,  usually  diclinous,  actinomorphic,  fre- 
quently REDUCED.  Intiorescence,  a  spadix  or  compound  spike, 
WITH  ONE  OK  MORE  SPATIIES  (large  sheathing  bracts)  at  the  base. 

The  Spadieiflorae  comprise  herbaceous  and  woody  plants  of  dis- 
similar appearance  but  with  inflorescences  of  uniform  structure. 
While  in  the  Liliiflvrae  the  flowers  are  either  solitary  or  loosely 
a related  in  small  numbers,  so  that  each  flower  retains  its  individual 
prominence,  in  the  Spadieiflorae  they  are  onlv  subordinate  members 
of  a  compact,  highly  organised  inflorescence  which,  when  the  spathe  is 
corollaceous,  is  commonly  mistaken  for  a  single  flower  {cji.  Calla, 
Hichardia  aethiopiea).      In  accordance  with  the  inconspicuous  part 
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played  hy  the  ii.a:vii^^  di  ^rc::.  ::.ry  are  frequenilv  reduced,  par- 
ticularly as  regards  the  perianth,  whose  function  is  assumed  by  the 
aids  and  sheathing  bracts ;  sometimes  a  reduction  also  occurs  in  the 
androecium  and  gvnoecium- 

Many  species  are  pollinated  by  the  wind,  and  these  possess  incon- 
spicuously coloured,  though 
often  enormous  inflorescences. 
In  most  species,  howerer,  the 
inflorescences  are  adapted  to 
insect-pollination.  The  spathes 
and  free  parts  of  the  axes,  but 
not  the  individual  flowers,  are 
such  cases  equipped  with 


m 

enticing  colours,  and  serve  as 
organs  of  attract!:: 

Family  Palm  a  e  — J  .  jwers 

of  the  regular  Mo:.  :  nous 

type  or  with  ^jnat- 

cium ;  aggr^atec  v^zlt 

BRANCHED        ENT;.':  i.Z.-  Z-NCES, 

which  are  provided  with  seve- 
ral sPATHESu  Woody  pljjsts 
with  unbranched  stems  and 
piimate  or  pabnately  drtded 
leaves  (Figs.  409-411). 

The  vegetative  organs  aflbrd 


the  most  characteristic 
of  distinguishing  the  members 
of  the  family.  The  simplf 
(branched  only  in  Htfphaene  ttu- 
baka)  cylindrical  stems  bear  a 
rosette  of  large  pinnate  or  pal- 
mately  divided  leaves  at  the 
summit,  which  gives  them  a  dis- 
tinctive appearance  (Fig.  410), 
easilv  reco«misable  and  charac- 
terisdc  of  only  a  few  other 
plants  (Tree-Fems,  and  Ojfca- 
daume).  A  few  species  are  liane- 
like  in  form  and  mode  of  growth 
(e.g.  CalaniMs).  The  leaves  are 
not,  hke  true  compound  leaves,  divided  in  their  early  stages ;  they  are, 
on  the  contrary,  first  developed  as  entire  plicate  leaves,  which  ulti- 
mately become  slit  into  segments  by  the  subsequent  death  and  rupture 
of  the  tissue  at  the  edges  of  the  folds.  The  inflorescences  (Fig.  409) 
are  generaUy  axillary  and  hang  down  below  the  leaves ;  in  the 
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of  Com* 


rae^ferat,  vith  a  female  flmrar  bdov,  ; 
flonras  [above.    {ASba  Dnme  in  WmL 
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where  they  are  terminal  the  tree  dies  after  the  seeds  ripen.  In  their 
early  stages  the  inflorescences  are  entirely  enveloped  by  the  spathes, 

but  the  flowerins: 
spikes  eventually 
protrude  and  bear 
numerous  small  flowers 
of  an  inconspicuous, 
usually  yellowish,  col- 
our. Pollination  is 
eff'ected  by  the  wind 
or  by  insects.  The 
fruit  is  apocarpous  or 
syncarpous ;  sometimes 
a  berry,  as  in  the  case 
of  the  date  ;  some- 
times an  indehiscent 
fruit  or,  like  the  cocoa- 
nut,  a  drupe.  From 
one  to  three  seeds  are 
produced  in  an  ovary. 
The  endosperm  is  often 
hard  and  bony  in 
consequence  of  its 
strongly-thickened  cell- 
walls. 

Geographical  Distri- 
bution.— The  Palms  grow 
chiefly   in    the  Tropics. 


(From  a  photograph.) 


Fic.  411.— Ox-oa-iiut  wiUi  i>art 
of  the  fibrous  exocaqi  re- 
moytKl.—OFFrciXA  l..  (-\fter 
Warming,  reduce*].) 


Only  a  few  species  thrive  in  the  wanner  countries  of  the  temperate  zones,  e.g.  the 
Dwarf  Palm,  Chamacrops  Jtumilis,  of  South  Europe,  and  the  Date  Palm,  PJwcnix 
dadylifera  (Fig.  410),  cultivated  to  a  large  extent  in  the  oases  of  the  Sahara.  On 
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the  other  Iiand,  Pahns  in  a  wild  or  uncultivated  state,  and  displaying  a  great 
variety  of  form  and  size,  constitute  the  most  characteristic  feature  of  nearly  all 
tropical  countries.  There  the  Coco-nut  Palm,  Cocos  nucifera,  the  most  important 
economic  plant  of  the  Palm  family,  is  found  growing  everywhere  in  the  neigh- 
bourhood of  the  coast,  either  solitary  or  gregariously,  in  forests.  The  cocoa-nut 
(Fig.  411)  is  a  gigantic  drupe  with  a  spongy,  fibrous  exocarp  and  a  hard  endocarp  ; 
the  single  seed  consists  of  a  thin  seed-coat  and  a  large,  hollow  fatty  endosperm,  in 
which  the  small  embryo  is  embedded.  Areca  Catechu,  the  Betel  Palm,  towers 
above  all  the  villages  of  the  East';Indies,  with  its  slender,  usually  straight,  lofty 
stem  surmounted  by  a  small  crown 
of  emerald  -  green  leaves.  Other 
Palms  are  cultivated  for  the  sugar 
or  wine  they  yield,  or  as  orna- 
mental trees.  In  the  open  Savannas, 
Palms  growing  singly  or  in  small 
woods  are  of  frequent  occurrence. 
In  the  primeval  forests,  the  species 
with  tall  stems  grow  apart  from 
each  other,  in  the  midst  of  an  under- 
growth of  smaller  forms,  while 
thorny  Palm-lianes  twining  from 
tree  to  tree  form  an  impenetrable 
jungle.  Very  few  Palms  are  of 
special  value  commercially.  In  addi- 
tion to  the  Coco  and  Date  Palms  may 
be  mentioned  Elaeis  guineensis.  the 
African  Oil  Palm,  the  oily  meso- 
carp  of  whose  fruit  yields  palm-oil ; 
Phytelephas  macrocarpa,  of  which 
the  hard  endosperm  is  known  as 
vegetable  ivory  (Fig.  393)  ;  and 
Calamus,  the  stems  of  which  are 
used  as  cane  or  rattan. 

Officinal.  —  Areca  Catechu 
(East  Indies)  yields  Semen  Akecae  ; 
Cocos  nucifera,  Oleum  Cocos. 


Family  Apaeeae. — Flowers 
often  GREATLY  REDUCED  ;  in- 
florescence a  simple  spadix 
with  a  SINGLE  usually  corol- 
laceous  spathe.  Herbs,  rarely 
woody  plants,  with  simple  or  compound  leaves  (Figs.  412-414). 

The  leaves  of  the  Araceae  are  usually  divided  into  stalk  and 
lamina  ;  they  are  frequently  hastate  in  shape  and  generally  reticulately 
veined.  The  inflorescence,  which  is  characteristic  of  the  family,  con- 
sists of  a  fleshy  spadix,  the  axis  of  which  frequently  terminates  in  a 
naked  coloured  prolongation  such  as  occurs,  for  example,  in  Arum 
maculatum  (Figs.  412,  413),  where  it  has  the  form  of  a  purple  club. 
The  enveloping  spathe  is  also  often  showily  coloured ;  sometimes 

2  M 


Fig.  412. — Arum  maculatum  (J  iiat.  size). 
Poisoxous. 
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snow-white  (c.fj.  Richardia  aethiopica),  but  more  frequently  purple  or 
brown,  and  in  that  case  the  inflorescence  often  emits  a  carrion-like 
stench  attractive  to  the  insects  by  whose  aid  pollination  is  effected. 
The  fruit,  with  few  exceptions,  is  a  berry. 

Geographical  Distuibutiox. — The  Aracme  are  found  almost  exclusively  in 
the  Tropics,  where  they  include  numerous,  often  extremelx-  grotesque,  fonns.  which 
have,  not  unfrequently,  a  gigantic  size  and  constitute  a  very  large  part  of  the  her- 
baceous Flora  of  the  primitive  forests.  !Many  species  are  terrestrial,  glowing 
gregariousl}'  in  the  deep  shade  of  the  woods,  while  others  climb  by  means  of  aerial 
roots  to  tlie  tnjis  of  the  trees,  or,  as  ejiiphytes,  form  large  nest-like  growths  on  their 


Fig.  413. — oi  Arum  i)xac\ihitti  m.       li.  .  .ii.-.i       -  <  "lutinis.    1.  Rhizome:  J,  iurtuivs- 
(Aftt'V  WossiDLO.)  ceuce  ;  3,  flower ;  4,  ovarj-  in  transverse  section. — 

Offuism..   (After  Wossidm>.) 

branches.  The  most  remarkable  ol  all  the  Ararcac  is  Amorphojihalltis  (ifanum,  an 
herb  found  in  "Western  Sumatra  ;  it  attains  a  height  greater  than  that  of  a  man, 
developing  enormous  tubers,  and  a  purple  sj^adix  nearly  U  m.  high.  Several  species 
of  Araccae  are  cultivated  as  ornamental  plants,  e.g.  Bichaniia  adhiopica,  the  so- 
called  Calla  Lily,  and  the  root-climber  Monatcra  dcliciosa. 

Pinsoxors. — I^Iost  of  the  Araccae  are  poisonous.  Arum  miaeufatum  (Figs.  412, 
413),  a  tuberous  herb  growing  in  woods,  has  a  few  liastate  leaves,  frequently  with 
brown  spots,  a  greenish  spathe  and  a  fleshy  s|«idix  terminating  in  a  naked.  purjUe 
club-shajted  prolongation.  The  flowers  are  momicious ;  the  female,  at  the  l>ase  of  the 
spadix  ;  the  male,  forming  a  smaller,  stquirate  group  above ;  while  still  higher  up 
(»n  the  sjtadix  are  a  few  sterile  flowers.    In  Calla  jHilustrls,  Watt-r  Arum,  a  rare 
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plant  growing  in  bogs  and  swampy  places,  the  spathe  is  white  on  the  upper 
surface  and  envelops  a  spadix  completely  beset  with  hermaphrodite  flowers. 

Officinal. — From  Acorns  Calamus,  Sweet  Flag  (Fig.  414),  a  marsh  plant  with 
creeping  rhizome,  narrow  leaves,  and  greenish  inflores- 
cences of  hermaphrodite  flowers,  Rhizoma  Calami  is 
obtained. 


Family  Lemnaeeae. — Great)}-  reduced  Ara- 
ceae.  FloTvers  moncecious,  naked  :  the  male 
consisting  merely  of  one  stamen  :  the  female, 
similarly,  of  a  single  carpel.    Inflorescence,  a 


Fig.  AU.—WrJmi 


(After  Hegelmater.  xlO.) 


spadix  formed  of  three  flowers,  two  male  and 
one  female,  invested  with  a  spathe.  Small,  FREE- 
SWIMMING,  DISC-LIKE.  LEAFLESS  WATER-PLANTS 

(Figs.  415,  416). 


Fig.  415. — Lemna.  gi^jbu.  hi, 
Flower ;  /r,  fruit ;  ic,  root ; 
ui,  root  -  pocket.  (After 
Hegelmaieb,  magnified.) 


The  green  vegetative  body  of  the  Duckweed  has  usually 
been  regarded  as  a  system  of  naked  leaf-like  axes  :  more 
recently  it  has  been  asserted  that  it  consists  essentially 
of  leaves. 

Genera. — Spirodda,  Lemna,  Wolffia  (without  roots). 

Geographical  Distributiov.  —  Duckweed  is  found  everywhere  in  quiet  or 
stagnant  water. 

The  following  families  are  also  included  in  the  order  Spadiciflorn>: — Pandanaceae. 
Tropical  trees  borne  on  stilt-hke  roots  ;  leaves  sword-shax»ed,  inflorescence  a  large 
si)adLx.  Ciidardlwceae ;  tropical  lianes  and  shrubs,  often  resembling  Palms  but 
bearing  many -seeded  berries.  Sparganiaccae  and  Typhaccae ;  glass -like  marsh- 
plants,  the  latter  possessing  thick  brown  cylindrical  inflorescences.  Sixirganiu  Yn  and 
Tij£)li.a  are  represented  in  Germany. 


Order  4.  Glumiflorae 

Flowers  h}*])ogynous,  hermaphrodite  or  unisexual,  naked  OR 
WITH  REDUCED  PERIGONE  :  ovaiy  unilocular,  containing  ONE  OVULE ; 
inflorescence  with  3L1NY  small  flowers,  and  numerous  GLL'^iaceous 
BRACTS.  For  the  most  part  herbs  with  linear  parallel-nerved 
leaves. 

All  the  GlvmifiiiYOt  have  a  grass-like  appearance,  i.e.  they  are 
herbaceous,  rarely  woody  plants,  with  narrow  pointed  leaves,  and  have 
inconspicuous  inflorescences  bearing  small  flowers  and  numerous  scale- 
like bracts.  The  bracts  are  dry,  green  or  brownish  hypsophylls, 
in  part  sterile  and  to  some  extent  serving  as  subtending  leaves 
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to  the  lateral  axes  and  Howers.  They  usually  constitute  the  most 
noticeable  part  of  the  inflorescence,  i^articularly  when,  as  in  many  true 
Grasses,  they  are  prolonged  into  an  awn  (arista).  The  inconspicuous 
colour  of  the  inflorescence,  tlie  gentle  swaying  movements  of  the  anthers 
pendent  from  the  long  filaments  hanging  down  between  the  bracts,  the 
abundant  dry  pollen,  and  the  well -developed  papilla?  on  the  large 
stigmas  are  all  directly  correlated  with  the  wind-pollination  common 
to  all  Ghmiflorae  (Fig.  421). 

As  in  most  thick  small -flo\vered  inflorescences,  the  individual 
flowers  of  the  Glumiflorae  are  simply  constructed,  evidently  in  this  case 
in  consequence  of  reduction.  In  none  of  the  flowers  of  this  order  is 
the  regular  Monocotyledonous  t3'pe  presented  in  an  unmodified  form  ;  in 
all,  at  least  one  or  the  other  of  the  whorls  is  entirely  suppressed.  The 
perigone,  no  longer  exercising  its  protective  office,  now  assumed  by  the 
bracts,  consists  only  of  bristles,  or  is  altogether  absent.  The  andrce- 
cium  has  sometimes  all  the  six  stamens,  but  usually,  by  the 
suppression  of  the  inner  whorl,  it  is  reduced  to  three  ;  the  gyno^cium 
may  also  possess  the  full  number  of  three  carpels,  although  generally 
only  two  are  present.  In  most  cases  a  dry,  indehiscent  fruit 
(caryopsis)  is  produced,  with  one  seed  containing  a  mealy  albumen. 

A  similar  grass-like  habit  is  shown  by  other  ^Monocotyledons,  especially  by  the 
Juncaceae,  Typhaccae,  Spargaiiiaccac,  which  were  on  that  account  formerly  regarded 
as  the  nearest  allies  to  the  Grasses  :  the  structure  of  their  flowei-s,  however,  has 
assigned  them  to  another  position  in  the  system  of  classification.  Of  the  two  families 
now  forming  this  order,  the  Cyjjcracco.e  have  suffered  less  reduction  in  the  structure 
of  their  flowers  than  the  Gram  ineae.  The  latter  do  not  appear  to  have  been  derived 
from  the  Cypcraceac  by  a  continued  process  of  reduction  ;  on  the  contrary,  both 
C ypcraceae  Siwd  Gramineac  constitute  independent  branches  of  a  no  longer  existing 
ancestral  stock. 

Family  Cyperaceae. — Flowers  usually  diclinous,  naked  or  with 
reduced  perigone ;  ovary  Dl-  or  TRiMEROUs  with  ANATROPul'S  ovules. 
Pericarp  not  adherent  to  the  seed  ;  embryo  without  scutellum. 
and  ENCLOSED  IX  endosperm.  Herbs  with  triangular  axes,  and 
not  hollow,  rarely  segmented  into  internodes ;  leaves  often  three- 
ranked,  with  CLOSED  leaf- sheaths,  and  either  with  or  without  a 
reduced  ligule.     Inflorescences  of  varying  character,  usually  without 

BR.\CTE0LES  (Fig.  417). 

The  Ctiperaceae  are,  for  the  most  part,  perennial  herbs  with  jiro- 
fusely  branched  rhizomes  and  stitt'  or  hard,  sharp-edged  leaves.  The 
rhizome  gives  rise  to  tufts  of  sterile  leaves,  together  with  fertile 
shoots,  which,  according  as  the  branches  of  the  rhizome  are  long  or 
short,  cover  extended  areas  or  form  isolated  groups.  At  the  base  of 
the  fertile  shoots  the  internodes  are  short,  while  the  whole  upper 
l)ortion  of  the  shoot  consists  of  but  one  internode,  which  is  greatly 
elongated  atul  bears  the  inflorescence.  The  inflorescences  are  variously 
constructed;  sometimes  a  simple  spike,  sometimes  compound,  consisting 
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of  spikelets  united  into  spikes,  heads  or  panicles.  Subtending  bracts 
(glumes)  are  present  in  all  inflorescences  :  sterile  bracteoles  only  in  a 
few  genera.  The  flowers  are  in  most  cases  monoecious,  both  sexes 
being  united  in  the  same  spike  or  occurring  on  difi'erent  spikes. 


/ 


Fig.  417.— CarsjT  arfnaria.  1.  Flowering  plant;  2,  male  flower  -vvith  bract  (glume);  3,  female 
flower;  4,  pistil;  5,  bract  of  female  flower;  6,  7,  male  and  female  flower  of  Carex  hirta. 
(After  WossiDLO.) 

Repeesentatite  SrB-F.\:MiLiES  axd  Geneea.— (1)  Scirpoideae.  Flowers  her- 
maphrodite, often  with  perigone.  Scirpus,  Cypenis,  Uri&phomm,  with  a  perigone 
consisting  of  bristles  which,  after  the  maturity  of  the  flower,  grow  out  into  long 
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hairs.  (2)  Caricoideac.  Flowers  unisexual,  always  naked  ;  the  female  with  an 
enveloping,  tubular  subtending  bract  (utricidus),  Carex. 

Geooiiai'HICal  Distuibutiox. — The  Cijiicraccac  or  Sedge  Family  are  represented 
throughout  the  world,  growing  frequently  in  damj)  meadows,  in  marshes,  and  along 
the  margins  of  streams.  They  are  worthless  as  fodder  plants  on  account  of  their 
hard  leaves.  The  genus  Carcx  is  the  most  common  and  comprises  the  greatest 
number  of  species.  The  family  contains  no  plants  of  economic  value.  The  jiapyrus 
used  by  the  ancient  Egyi)tians  was  made  of  thin  strips  of  the  firm  pith  of  Cijpcrus 
Papyrus. 

Family  Gramineae. — Howers  usually  HERMArHRODiXE,  naked; 
ovary  monomerous,  with  a  slightly  CAMPYLOTROPOUS  ovule  ;  pericarp 
,  ADHERENT  to  the  seed ;  embryo  with  .scutel- 

LUM,  LATERALLY  IX  CONTACT  WITH  THE  ENDO- 
SPERM.    Herlxs,  rarely  shrubs  or  trees  ;  axes 
with  HOLLOW  intern  odes.    Leaves  two-ranked, 
having  usually  a  ligule  and  an  OPEN  sheath 
with  a  node-like  thickening  at  the  base.  In- 
florescences compound,  consisting  of  spikelets 
aggregated  in  spikes  or  panicles ;  BRACTf:OLES 
of  PRESENT  (Figs.  418-425). 
in     '  The  Gramineae  or  true  Grasses  are  for  the 
S-f^SrUctu'T^r-  part  perennial  l.erbs  with  a  profusely 

present perigone  leaves.  The  branched  rhizome  Creeping  horizontally  in  the 
absent  niemheis  are  repre-  goil,  and  giving  rise  to  Sterile  slioots  iu  the 
seated  bj  x.  form  of  tufts  of  Icaves,  and  also  to  fertile  shoots, 

which  are  usually  uiibranclied  but  provided  witii  leaves,  and  divided 
throughout  their  whole  length  into  internodes.  The  annual  species  of 
Gramineae  are  not  so  numerous  ;  they  do  not  have  rhizomes  nor  form  the 
sterile  tufts ;  shrub-  or  tree-like  forms  are  still 
less  frequent.  A  meml)ranous  ligule  is  always 
developed  at  the  junction  of  the  lamina  -with 
the  leaf- sheath  (Fig.  420,  /).  The  inflores- 
cences of  the  Gramineae  in  their  entirety  are 
spike-,  raceme-,  or  panicle-like  in  character,  and 
are  always  composed  of  an  aggregation  of 
secondary  inflorescences  or  spikelets  (Fig. 
419).  Each  spikelet  usually  bears  several 
flowers,  and  also  a  number  of  bracts  arranged 
in  tw^o  rows.  The  two  lower  bracts,  less 
frequently  the  three  lower  of  each  spikelet,  are 
sterile,  and  are  known  as  GLUMES.  These  are 
followed  by  a  varying  number  of  fertile  bracts 
subtending  flowers,  and  termed  INFERIOR 
PALK.E,  sometimes  also  called  Howering  glumes. 
The  inferior  or  outer  palea?  are  often  pro- 
longed into  awns.    Immediately  below  the  flower  the  short  flower 


Fig.   41S.— Floral  diagram 
the  Gramineae  {Arena), 


Fig.  419. — Diagrammatic  repre- 
sentation of  a  Grass  spikelet. 
;/.  The  glnmes  ;  pi  and  y<o, 
the  inferior  and  superior 
jKilea  ;  r,  l<xlicnles ;  /.',  flower. 
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stalk  bears  a  bracteole  or  superior  palea,  which  is  always  devoid  of 
an  awn  (Fig.  421,  B),  and  two  scales,  the  lodicules  (C).  The 
lodicules  are  sometimes  regarded  as  a  reduced  perigone,  but  are  more 
probably  two  halves  of  another  deeply  divided  hypsophyll.  At  the 
time  of  flowering  the  lodicules  become  swollen,  and  by  forcing  apart 


i 


Fig.  420.— Part  of  a  Grass  stem  and 
leaf,  ft,  Haulm ;  s,  part  of  leaf- 
blade ;  Z,  ligiila;  r,  leaf- sheath  ; 
k,  node-like  swelling  at  the  base  of 
the  leaf-sheath. 


Fig.  421. — Fcsiuca  pro.tcnsis.  A,  Spikelet  with  two  open 
flowers  (x  S);  B,  flower  showing  the  two  lodicules  in 
front  and  the  superior  ijalea  behind  ( x  12) ;  C,  a  lodi- 
cule,  isolated  (  x  12) ;  D,  ovarj-  viewed  from  the  side, 
\\ith  the  severed  stalk  of  one  stigma  (  x  12). 


the  paleae  and  glumes  they  bring  about  the  opening  of  the  flowers. 
All  the  axial  portions  of  the  spikelets  are  short,  so  that  the  bracts, 
packed  one  immediately  over  the  other,  are  only  partially  visible. 

The  andrcecium  consists  usually  of  three  stamens,  each  with  a  large 
elongated  anther  attached  below  the  middle  to  the  apex  of  the  slender 
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filament.  The  ovary  has  two,  rarely  three,  branching  stigmas  situated 
either  directly  upon  the  ovary  itself,  or  borne  on  a  short  style  (Fig. 
421,  B).  The  pericarp  is  traversed  by  a  longitudinal  groove;  it  is 
leathery,  and  assumes  the  functions  usually  performed  by  the  seed- 
coat,  which  is  thin  and  adherent  to  it.  In  many  cases  {e.g.  in  most 
species  of  Barley)  the  pericarp  and  palea3  also  adhere.  On  germina- 
tion a  shield-like  appendage  of  the  cotyledon,  the  scutellum,  remains 
within  the  seed  and  absorbs  the  endosperm  (Fig.  422). 

Sub-Families  (after  Hackel)  and  Representative  Genera.— (1)  Maydccu, 
Zea.    (2)  A'lulropogoneae,  Saccharum.    (3)  Paniceae,  Panicum,  Sdaria.    (4)  Oryzcac, 

Oryza.  (5)  Phalaruleae,  Anthoxan- 
thuin.  (6)  Agrostidcae,  spikelets 
stalked,  bearing  one  flower  and  two 
glumes ;  Phlcum  and  Alopccurus, 
with  spikelets  aggregated  in  spike- 
like inflorescences  ;  Agrostis,  with 
])aniculate  inflorescences,  inferior 
palea?,  usually  prolonged  into  an 
awn  ;  Calamagrostis,  with  inferior 
])alea%  hairy  and  awned.  (7)  Arc- 
near,  si»ikelets  two-flowered,  inferior 
pale;e  shorter  than  the  glumes  ;  awn 
kneed.  Arena,  spikelets  in  {lanicles, 
fruit  hairy;  Aira ;  Holcus.  (8) 
Chlorideae,  Cynodon.  (9)  FestxicccLC, 
spikelets  two-  to  four -flowered,  in 
jianicles  or  racemes  ;  inferior  palea 
longer  than  the  glumes,  with  or 
without  awns  ;  Phragmitcs,  JUclica, 
Briza,  Dactylis,  Poa,  Bromiis.  (10) 
Hordeac,  spikelets  one  or  several 
flowered,  situated  in  two  rows,  in 
depressions  of  the  main  floral  axis, 
and  forming  a  compound  spike. 
Lolinm,  Sccale,  spikelets  solitary  in 
the  depressions  of  the  axis,  glumes 
awl-shaped  and  uninerved  ;  Triticum,  similar  to  Sccale,  but  with  ovate,  three-  to 
many-nerved  glumes.  Hordeum  bears  several  spikelets  on  each  segment  of  the  axis, 
spikelets  single-flowered.    (11)  Bamhuscac,  shrubs  and  trees  ;  Bamhusa. 

Geographical  Distribution. — Like  the  Cyi)craceac,  W\q  Gramincac  w'ldeXy 
distributed  over  the  whole  world.  They  appear  in  the  most  varied  situations,  in 
j)articular  in  meadows  and  fields,  of  which  they  form  the  principal  vegetation. 
Among  the  most  important  meadow-grasses  the  following  may  be  mentioned  :  Poa 
pratensis,  Common  Meadow  Grass  or  Kentucky  Blue  Grass  ;  Agrostis  vulgaris,  Red- 
top  ;  Alojjccurus  jmitcnsis,  Meadow  Foxtail  ;  Phlcum  pratcnsc,  Timothy  ;  Dactylis 
glomerata,  Orchard  Grass  ;  Briza  media,  Quaking  Grass  ;  Anthoxinthum  odoj'cUum, 
Sweet  Vernal  ;  Loliwn  pcrennc,  "Rye  Grass  ;  Holcus  lanatus.  Velvet  Grass  ;  Arrhcna- 
thrrum  clatius,  False  Oat  Grass  ;  Arena  puhcscens  and  A.  flavcsccns,  the  Yellow  Oat 
Grass,  etc.  The  arborescent  grasses  of  the  genus  Bamhusa  and  its  allies  form  ex- 
tensive groves  in  the  Troi)ics,  or  the  smaller  forms  grow  in  the  shade  of  the  primitive 


Fio.  422. — Part  of  median  longitudinal  section  of  a 
grain  of  wheat,  showing  enibrjo  and  scutellum 
(sc) ;  vs,  vascular  bundle  of  scutellum ;  ce,  its 
cylinder  epithelium ;  its  ligule ;  c,  sheathing 
l)art  of  the  cotyledon  ;  j)V,  vegetiitive  cone  of  stem  ; 

hypocotyl ;  I,  ligule  ;  r,  radicle  ;  d,  root-sheath  ; 
III,  micropyle  ;  2>,  funiculus ;  I'p,  its  vascular  bundle  ; 
/,  lateral  wall  of  groove,    (x  14.) 
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forests.  The  most  important  of  the  cereal  grasses  grow  in  the  Temperate  Zone  : 
Wheat,  Triticum  vulgare,  with  numerous  varieties  and  races,  e.g.  T.  turgidum,  T. 
durum,  T. 'polonicum  ;  Spelt  or  German  Wheat,  T.  Si^clta  ;  Amel  corn  or  French  rice, 
T.  dicoccum  ;  One-grained  Wheat,  T.  monococcum  ;  Rye,  Sccale  cereale  ;  Barley,  Hor- 
deum  vulgare,  in  several  varieties  and  races,  as  H.  hexastichum,  H.  distichum,  etc.  ; 
Oats,  Avena  satira ;  Maize,  Zca  Mais;  and  numerous  fodder-plants.  The  native 
condition  of  the  cereals  is  unknown,  except  in  the  case  of  Hordeum  distichum,  the 


Fig.  ^IZ.—Oryza  sativa.     1,  In-  Fig.  ^24.—Saccharum  officinaruvi  (greatly  reduced), 

florescence ;  2,  spikelet.  (After  2,    Flower   after   removal   of   the   paleee. — 

WossiDLO.)  Officinal.   (After  Wossidlo.) 

two-rowed  Barley,  which  is  found  in  Asia,  and  Maize  which  is  of  American  origin. 
The  other  cereals  were  probably  indigenous  to  Asia  or  Eastern  Europe.  Rice,  Oryza 
sativa  (Fig.  423),  originally  derived  from  the  East  Indies,  and  Saccharum  officin- 
arum.  Sugar-cane  (Fig.  424),  are  cultivated  in  the  Tropics  and  sub-tropical  zones. 
The  latter  is  a  perennial  plant  with  solid  internodes  filled  with  parenchyma,  from 
the  cell-sap  of  which  part  of  the  cane-sugar  of  commerce  is  obtained  by  a  process  of 
evaporation  and  subsequent  refining  (c/.  Beta  vulgaris).  The  Sugar-cane  is  not 
found  growing  wild  ;  its  native  home  was  undoubtedly  tropical  Eastern  Asia.  The 
Indian  Millet,  Androjwgon  Sorghum,  and  the  diff'erent  species  of  JBamhusa,  whose 
stems  not  only  furnish  a  convenient  building  material,  but  their  hollow  internodes 
serve  also  for  household  utensils,  are  also  chiefly  tropical. 

Poisonous. — Lolium  temulentum,  Bearded  Darnel  (Fig.  425),  an  annual  grass 
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witli  narrow,  elongated  inflorescences  of  a  green  colour.  The  seeds  are  poisonous,  as 
are  also  those  of  L.  liakola.  a  weed  only  found  growing  in  Flax  fields.    Both  may 

be  distinguished  from  the  other 
harmless  species  of  Lolium,  e.g. 
L.  2)erenn€,  Rye  Grass,  by  the 
absence  of  tufts  of  sterile  leaf. 

0 FF R- 1 N A L. — Saccha rum  oji- 
cinanim  (Fig,  424)  yields  Sai- 
THAKUM  ;  the  germinating  grain 
of  Hordcum  vuhjarc,  Malti  m  ; 
Afjropyrum  rcpens,  Couch  Grass, 
Rhizoma  or  Radix  gramixis. 
The  starch  derived  from  the 
seed  of  Triticum  rulgare  is  the 
officinal  Amylum  Tritici. 


Order  5.  Helobiae 

Flowers  hypogynous, 
less  frequently  epigynous, 
actinomorphic,  with  peri- 
antli ;  stamp:ns  usually 

MORE  THAN  SIX  ;  CARPELS 
USUALLY  MORE  THAN 
THREE,  in  hypogynous 
tiowers  free  ;  seeds  with- 
out ENDOSPERM  ;  einbiTo 
with  L-\RGE  HYPOCOTYL. 

The  Helobiae  are  inarsh- 
or  water-plants,  sometimes 
of  a  grass-like  ajipearance, 
sometimes  with  broad 
leaves.  According  to  the 
mode  of  pollination, 
whether  effected  by  the 
wind,  water,  or  insects,  the 
l)erianth  is  either  small  and 
of  a  greenish  colour,  or 
large  and  differentiated  into  a  calyx  and  corolla.  The  structure  of  the 
flowers  may  be  regarded  as  a  modification  of  the  Monocot3'ledonous 
type,  resulting  phylogenetically  from  the  splitting  of  the  stamens  and 
carpels.    Flowers  exhibiting  reduction  also  occur  in  this  order. 

Family  Alismaceae.  —  Flowers  HYPOtiYNOUS,  hermaphrodite, 
with  perianth  diHeientiated  into  CALYX  and  cORoLLA :  stamens  9 
(G  +  3)  or  more ;  carpels  free,  numerous,  sometimes  arranged  in 
spirals.    Fruit  dr}'  and  indehiscent,  rarely  a  capsule  (Fig.  42G). 


Fio.  425. — LoUum  kmnhntn m. — Poiso.vors. 


Members  of  this  family  are  found  in  all  zones  growing  in  marshes  or  shallow 
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Fig.  A2Q.—Sagittaria  sagittifolia.    a,  Flower ;  h,  fruit 
after  removal  of  part  of  the  carpels.  (Magnified.) 


water.  As  representative  species  may  be  mentioned  Alisma  Plantago,  Water 
Plantain,  Sagittaria  sagittifolia,  Arrow-head,  and  Butomus  icmbellatus,  Flowering 
Rush. 

The  small  family  Jioncaginaceae  may  be  distinguished  from  the  preceding  by 
its  grass-like  habit  and  calycoid 
perigone.  It  probably  represents 
the  oldest  group  of  the  order.  I'ri- 
glochin  palustris,  Arrow-Grass,  is 
a  familiar  example  of  this  family. 

Family  Hydpoeharitaeeae. 

— Flowers  epigynous,  usually 
UNISEXUAL;  perianth  consist- 
ing of  both  CALYX  and 
COROLLA,  or  the  latter  may  be 
suppressed ;  stamens  three  to 
many ;  ovary  of  three  or 
more  carpels.  Fruit  with 
irregular  dehiscence,  commonly  many-seeded. 

The  Hydrocharitaceae  are  water-plants  occurring  in  fresh  water  in  all  zones,  and 
in  the  tropical  seas.  They  are  usually  submerged,  or  at  the  most  projecting  their 
inflorescences  above  the  water,  rarely  freely  floating  on  its  surface.  The  German 
Flora  possesses  only  two  native  species — HydrocJiaris  morsus  ranae,  Frog's-Bit, 
floating  on  the  surface  of  ponds,  with  roundly  cordate  leaves,  and  Stratiotes  aloidcs, 

Water-Soldier,  whose  sAvord- 
shaped,  spiny  leaves,  to- 
gether with  the  female  in- 
florescences, appear  above  the 
surface  of  the  water  only  to 
become  again  submerged 
after  fertilisation.  Elodea 
canadensis,  the  widely  distri- 
buted W^ater-Pest  introduced 
into  Europe  from  North 
America  about  fifty  years 
ago,  is  represented  only  by 
female  jilants. 

Family  Potamogeto- 
naeeae. — Flowers  hypo- 
GYNOUS,  unisexual,  or 
hermaphrodite,  usually 

NAKED  or  with  REDUCED, 
CALYCOID  PERIGONE  ; 
androecium  and  the 
apocarpous  gynoecium 
Eipe  carj^els  drupaceous,  one-seeded  (Fig. 


FiG.  42 


Potamogcton  nutans.  1,  Apex  of  flowering  shoot ; 
2,  flower  viewed  from  above  ;  3,  flower  viewed  from  the  side  ; 
4,  diagram  of  flower.    (After  Wossidlo.) 


ONE- 

427). 


TO  FOUR-MEROUS. 


On  account  of  the  great  reduction  and  simple  structure  exhibited  by  the  flowers, 


484 


BOTANY 


PART  II 


the  systematic  position  of  the  Potamogetonaceae  is  difficult  to  determine.  The 
family  consists  of  water-plants  whose  leaves  are  usually  narrow  and  submerged, 
while  the  inflorescences  sometimes  rise  above  the  surface  of  tlie  water,  sometimes 
remain  continually  submerged.  The  flowers,  always  small  and  inconspicuous,  are 
pollinated  by  the  wind  or  water.  The  members  of  this  family  constitute  a  chief 
part  of  the  fresh  -  water  flora  of  all  zones.  Potamogeton,  Pond  -  weed,  and 
Zamiichellia,  Honied  Pond-weed,  are  familiar  fresh-Avater  genera.  Some  species 
are  found  in  salt  water,  where  they  cover  extended  areas  in  the  neighbourhood  of 
the  coast  with  a  submerged  vegetation,  e.g.  Zostcra  marina,  Grass-Wrack  or  Eel- 
grass,  found  in  salt  water  throughout  all  zones.  It  is  used  for  stuffing  cushions, 
etc.,  and  is  the  only  plant  of  economic  value  in  the  whole  order. 

The  small  family  Xajadaceac  (flowers  diclinous,  one  stamen,  one  ovary)  is 
closely  related  to  the  preceding,  which  it  resembles  in  appearance  and  habit. 
Najas  major  may  serve  as  an  example. 

The  Triuridaceae  are  a  small  tropical  family  of  terrestrial  plants,  all  of  which 
are  saprophytes  and  devoid  of  chlorophyll.  In  structure  their  flowers  resemble 
those  of  the  Alismaceac. 


Order  6.  Seitamineae 

Flowers  epigynous,  zygomorphic  or  asymmetrical  ;  andra^cium 
REDUCED,  often  PARTLY  PETALOID ;  ovary  usually  trilocular  ;  seeds 
with  perisperm. 

The  Seitamineae  are  herbs,  usually  with  perennial  rhizomes  and 
with  large  pinnately-veined  leaves,  which  may  be  narrow  or  elliptical. 
The  floAvers  are  adapted  to  insect-pollination ;  the  perianth  is 
in  some  cases  differentiated  into  a  calyx  and  corolla,  or  developed 
as  a  corollaceous  perigone.  The  structure  of  the  androeeium  is 
especially  characteristic.  Although  in  certain  cases  {e.g.  in  the 
flowers  of  the  Banana)  it  differs  from  the  regular  type  merely  in  the 
absence  or  staminodial  development  of  the  posterior  stamen,  in  tlie 
majority  of  the  Seitamineae  only  one  fertile  stamen  is  present.  The 
other  members  of  the  androeeium  are  then  either  suppressed  or  they 
assume  the  form  of  petaloid  staminodla.,  which  give  the  flowers  a 
distinctive  shape  and  appearance  (Figs.  429  C, 
430).  The  fruit  is  variously  developed  and 
furnishes  no  characteristic  features. 

Family  Musaccae.  —  Flowers  ZYOdMourmc,  with 
FIVE  FERTILE  stamcus.  Tropical  herbs,  arborescent  in 
appearance,  rarely  true  trees,  witli  enormously  large 
leaves. 

The  Banana  {Miisa  sapicntinn  and  Miisa  paradis^iaca) 
Fin.  428.  — Zingiber  ace  or.       I'^rg^b'  cultivated  in  all  tropical  countries  for  tlie  sake 
Floral  diagram  (Ziiujihcr).      of  its  edible  baccate  fruit. 

Family  Zingiberaceae. — Flowers  zygomurphic  ;  the  posterior 
stamen  of  the  inner  whorl  alone  fertile,  and  the  two 
lateral,  inner  stamens  connate  and  transformed  into  a 
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TONGUE-SHAPED  LEAF,  THE  LABELLUM ;  the  outer  whorl  of  Stamens 
staminodial  or  absent  (Figs.  428,  429). 

The  members  of  this  family  are  herbs,  with  rhizomes  which  contain 
an  ethereal  oil  in  special  oil-cells,  giving  them  a  penetrating  aroma. 
The  flowers  are  aggregated  in  inflorescences  of  various  types,  and 


Fig.  429. — Zingiber  officinale.    A,  Entire  plant  (J  nat.  size);  B,  flower;  C,  labellmn  ; 
D,  transverse  section  of  ovaiy. — Officinal.   (After  Berg  and  Schmidt.) 


are  usually  large  and  highly  coloured.  The  splendour  of  their 
appearance  is  due  to  the  prominent  position  taken  by  the  labellum 
(Fig.  429,  B,  C),  which  is  considerably  larger  than  the  leaves  of 
the  perianth.  Although  the  stamens  of  the  outer  whorl  are  usually 
wanting  or  have  the  form  of  inconspicuous  staminodia,  in  less 
frequent  cases  they  are  also  represented  by  petaloid  staminodia 
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The  fruit  is  a  three-valved  capsule,  rarely 
provided  with  an  aril. 


berry.    The  seeds  are 


Geographical  Distribution. — The  members  of  the  Zimjihcraccac  are  all 
tropical,  Tlicy  are  represented  by  numerous  species  and  individuals  in  the 
forests  of  South  Asia^  which  they  beautify  by  their  magnificent  flowers  and 
foliage.  Frequently  {Alpinia  species)  the  inflorescences  spring  directly  from  the 
rhizome  and  spread  like  radiating  stars  over  the  ground,  or  are  poised  in  fiery- 
red  clusters  between  the  two-ranked  leaves  of  the  vegetative  shoots.  In  other 
cases  the  inflorescences  are  spikes  tenuinating  the  vegetative  shoots.  Many 
species  are  cultivated  in  hot-houses  as  decorative  plants,  others  are  valuable  for 
their  aromatic  i)roperties,  c.y.  ginger,  cardamom. 

Officinal. — Zingiber  officinale  (East  Indies,  Fig.  429)  supplies  Rhizoma 
ZiNGiBERis ;  Curcuma  Zcdoaria  (East  Indies),  Rhiz.  Zedoariae  ;  Alpinia 
officinarum  (from  the  island  of  Hainan,  China),  Rhiz.  Galangae  ;  Elcttaria 
Cardamomum  (East  Indies),  Fructus  Cardamom i. 

Family  Cannaceae. — Flowers  asymmetrical  ;  the  posterior,  inner  stamen 

alone    FEUTII.K,    J;KARING  on  one    SIDE  A  HALF   (MONOTHECIOUS)   ANTHER,  THE 

OTHER  SIDE  PETALOID  ;  THE  TWO  LATERAL, 
INNER    STAMENS   DEVELOPED  DISSIMILARLY, 

AS  STAMINODIA  (wing  and  large  reflexed 
labellum)  ;  the  outer  stamens  stamiuodial 
or  absent.  Fruit  a  many-seeded  capsule. 
Embryo  atropous  (Fig.  430). 

Perennial  herbs  produced  from  rhizomes, 
with  large  lanceolate  leaves  and  terminal 
spiked  inflorescences.  Tlie  asymmetry  of  the 
flower  is  due  to  the  peculiar  development  of 
the  andrcecium,  and  in  i)articular  to  the  label- 
lum. In  this  family  the  labellum  consists  of 
a  single  staminodium,  and  not,  as  in  the 
Zimjihcraccac,  of  two  connate  staminodia. 

Geographical  Distribution.  —  The 
species  of  Canna,  the  only  genus,  grow  wild 
in  the  fields  of  tropical  America  ;  many  are 
cultivated  as  ornamental  plants. 

Family  Marantaceae.— Flowers  asymmet- 
rical ;  the  inner,  posterior  stamen  alone 
fep.tile,  bearing  on  one  side  a  half 
(monothecious)  anther,  the  other  side 
staminodial  ;  the  two  lateral,  inner 
stamens  developed  dissimilarly,  as  stami- 
NODIA ;  tlie  outer  stamens  staminodial  or 
absent.  Fruit  with  one  to  thp.ee  seeds  in 
each  loculus.  Embryo  cami)ylotropous. 
The  Marantaceae  are  medium  •  sized,  or  more  frequently  small  lierbs  with 
]terennial  rhizomes.  They  always  have  stalked  leaves,  which  are  distinguished 
from  those  of  other  Scitainincac  by  a  joint-like  swelling  of  the  stalk  below  the 
lamina.  The  flowers,  in  contrast  to  those  of  tlie  otlier  families  of  this  alliance, 
are  often  small  and  insignificant,  usually  white.  In  structure  they  difl'er  from  the 
flowers  of  the  various  si»ecies  of  Canna  only  in  the  form  of  the  inner  staminodia, 


Fl(i.  430.— Flower  of  Con  no  i ritii  flora.  /, 
(Jvary  ;  k,  calyx  ;  c,  corolla  ;  1,  labellum  ; 
sty^,  the  other  staminodia  ;  o,  fertile 
stamen  ;  fj,  style,    (h  nat.  size.) 
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of  which  the  one  corresponding  to  the  labellum  is  developed  as  a  small  misshapen 
hood.  Many  species  are  cultivated  in  conservatories,  chiefly  for  the  sake  of  their 
bright-coloured  foliage. 

Geographical  Distributiox.  —  The  Marantaccae  grow  principally  in  the 
tropical  regions  of  America. 

Officinal. — The  rliizome  of  JIaranta  aru/ulinueea  (West  Indies)  yields  arrow- 
root, Amylvm  Marantae. 


Order  7.  Gynandrae 


Flowers  EPIGYNOUS,  hermaphrodite,  ZYGOMORPHIC  ;  perigone 
corollaceous ;  andrceciura  reduced  to  the  three  antekior 
MEMBERS,  consisting  usualh^  of  one  fertile  stamen  and  two  staminodia, 

ADHERENT  TO  THE  STYLE  AND  FORMING   A  COLUMN  ;     OVarV  USUally 

UNILOCULAR,  with  jDarietal  placentation  ;  fruit,  a  capsule  ;  seeds  EX- 
CEEDINGLY NUMEROUS  AND  s:nla.ll,  without  albumen  ;  embryo  UN- 

SEG3IENTED. 

Family  Qpehidaeeae. — Characteristics  the  same  as  for  the  order 
(Figs.  431-436). 

The  Orchids  are  all  herbs  :  they  var}'  greatly  in  external  appear- 
ance and  have  racemose,  usually  spike-like  inflorescences.  The  flowers 
are  almost  always  pollinated  by  insects,  and  to 
this  end  have  developed  the  most  complicated 
contrivances.  The  corollaceous  perigone  ex- 
hibits endless  variation.  The  posterior  leaf 
of  the  inner  whorl  is  often  especially  charac- 
terised by  its  size,  form,  and  colour:  like 
the  similar  but  not  homologous  staminodial 
organ  of  the  Ziiigiberaceae,  it  is  termed  a 
LABELLUM ;  it  is  frequently  drawn  out  below 
into  a  sac-shaped  cavit}-  or  spur  (Fig.  432, 
a,  /).  In  its  rudimentary  condition  the 
labellum  is  uppermost,  but,  as  a  rule,  it  acquires  ultimately  an 
anterior  position  in  consequence  of  the  torsion  of  180'  suffered  by 
the  inferior  ovary,  or  as  a  result  of  the  tilting  over  of  the  whole 
flower.  In  the  andrrecium  only  the  anterior  stamen  of  the  outer 
whorl  and  the  two  lateral  members  of  the  inner  whorl  are  developed  : 
these  two  lateral  members  are  usually  transformed  into  sterile,  lobed, 
or  tooth-like  prominences  (b,  7^),  while  the  central  stamen  alone  is  fertile 
and  bears  an  anther  (e.g.  Orchis) ;  less  frequently,  the  central  of  the 
three  staminal  members  of  the  andrcecium  is  sterile,  while  the  two 
lateral  are  fertile  {Cypripedium,  Lady's  Slipper).  The  gynostemium  (b) 
formed  by  the  union  of  the  stamens  with  the  tips  of  the  carpels  is 
sometimes  developed  as  a  column ;  sometimes,  as  in  Orchis^  it  is  short 
and  barely  elevated  above  the  receptacle.  It  bears  at  its  apex  the 
stigma  and  the  anther,  or  a  pau'  of  anthers  as  the  case  may  be.  The 
pollen  is  rarely  powdery,  consisting  of  separate  grains  (e.g.  C upnipedium). 


Fig.  431. — Orchidaeeae.  Floral 
diagram  {On-fiU). 
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All  the  pollen -grains  of  each  theca  are  usually  united  by  a  viscid 
substance  into  a  club-shaped  mass  or  pollinium  (c),  attached  above 

or  below  to  a  mucilaginous  filament 
termed  the  CAUDICLE  (c,  ?•).  In  a 
few  cases  several  pollinia  are  present. 
The  three-lobed  stigma  (b,  A)  is 
situated  directly  below  the  anther. 
The  two  lateral  lobes  are  always 
normally  developed  and  destined  to 
receive  the  pollen,  while  the  anterior 
lobe  has  frequently  the  form  of  a 
pouch -shaped  beak  or  rostellum 
(b,  /),  in  which  one  or  two  small 
masses  of  sticky  mucilage  (q),  the 
GLANDUL^t:  (refinacula),  are  formed 
by  the  disorganisation  of  the  tissue. 
To  these  sticky  glandulae  are 
attached  the  caudicles  with  their 
pollinia.  The  whole  structural  de- 
velopment of  the  flower  represents 
an  adaptation  to  insect-pollination. 
When  an  insect  inserts  its  proboscis 
in  the  nectaries  of  the  labellum,  the 
glandulse  with  their  stalked  pollinia 
become  glued  to  it,  and  the  pollen 
is  thus  applied  to  the  next  flower 
visited  by  the  insect.  Similarly, 
by  inserting  a  pointed  instrument 
in  the  spur,  a  lead-pencil  for  ex- 
ample, the  pollinia  will  be  found 
attached  to  it  on  its  withdrawal. 
The  capsule  is  often  leathery,  and  in  dehiscing  splits  into  six  valves. 
The  embryo  is  usually  spherical  and  exhibits  no  differentiation  into 
hypocotyl  and  cotyledon. 

Many  of  the  indigenous  species  have  underground  tubers  (e.g.  Orchis}.  As  a 
rule,  two  tubers  are  present,  formed  by  tlie  union  of  several  roots  ;  according  as 
the  coalescence  is  more  or  less  complete,  they  are  ovate  and  smooth  (Fig.  434),  or 
palmately  divided  (Fig.  433).  One  of  the  tubers,  the  older  mother-tuber,  is  dark- 
coloured  and  flaccid  ;  it  bears  the  floral  shoot  and  afterward  dies.  The  other,  the 
daugliter-tuber,  is  firmer,  lighter-coloured,  and  jirovided  with  an  apical  bud.  It 
remains  dormant  in  the  soil  over  winter,  and  in  the  succeeding  spring  gives  rise 
to  an  aerial  shoot,  and  then,  after  producing  a  new  daugliter-tuber,  acquires  in 
turn  the  structure  and  appearance  of  a  mother-tuber  in  consequence  of  the  exhaus- 
tion of  the  accumulated  reserve  material  of  its  cells. 

Sub-Families  and  Representative  Genera. — (1)  Diandrac.  Two  (rarely 
three)  fertile  stamens.  All  three  stigmatic  lobes  susceptible  of  pollination. 
Cyimxicdium.    (2)  Monandrac.    One  fertile  stamen.    Of  the  three  stigmatic  lobes, 


c  n 


Fig.  432.— 0/t7t(V  militaris.  a,  Flower:  a, 
bract ;  h,  ovarj- ;  c,  the  outer,  and  d,  the 
two  aiiterior  inner  i>erigone  leaves  ;  c,,label- 
luni  with  the  spur/;  gynosteiniuni.  b, 
Flower  alter  removal  of  all  of  the  perigoiie 
leaves  with  exception  of  the  upper  part  of 
the  labellum:  stigma;  I,  rostellum;  k, 
tooth-like  prolongation  of  the  rostellum  ; 
m,  anther;  n,  connective;  o,  pollinium;  n, 
glandula  ;  j),  staminodium.  c,  A  pollinium  : 
T,  caudicle  ;  s,  pollen,  d,  Ovary  in  trans- 
verse section.    (After  Berg  and  St  UMiDT.) 
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one  continues  rudimentary  or  develops  as  a  rostellum.  Orchis,  with  spurred 
labellum  ;  Ophrys,  without  spur,  the  flower  'resembling  an  insect ;  both  genera, 


Fig.  433.— Root-system  of  Orchis  latifoUa.  h, 

Base  of  stem;  s,  cataphyllary  leaf;  t'  old,  Fig.  434.— Root -system  of  Orchis  morio.— 

t"  young  tubers  ;  1c,  bud  ;  /•,  roots.  OFFiciyAL.   (After  Wossidlo,  nat.  size.) 


and  similarly  Gymnadenia,  Platanthera,  and  others,  with  tubers  ;  Cephalanthera 
and  Epipactis,  with  creeping  rhizome.    Xeottia,  Epipogon,  and  Coralliorrhiza  are 


Fig.  435. — Gongora  galeata,  an  epiphytic 

orchid.  (After  Pfitzer  in  Xat.  Fig.  436. —  Vanilla  planifolia.  1,  Inflorescence;  2, 
PJlanzenfaniilien,  I  nat.  size.)  fruit. — Officinal.   (After  Berg  and  Wossidlo.) 


humus  plants,  either  poor  in  chlorophyll  or  wholly  devoid  of  it.  Vanilla  (see 
under  Officinal). 

Geographical  Distribution. — This  family  inhabits  chiefly  the  Tropics,  where 
thousands.of  its  species  are  found  growing  as  epiphytes  upon  trees.  The  roots  of 
such  epiphytes  (Fig.  435)  attach  themselves  to  the  bark  and  are  enveloped  by  a 
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velaraen  ''p.  42  ,  which  greedily  absorbs  water  ;  while,  in  many  eases,  the  stems 
are  tuberously  swollen  and  serve  as  water-reservoirs,  accumulating  water  in  their 
cells  and  transmitting  it  to  the  leaves  in  dry  weather.  Terrestrial  Orchids,  on  the 
other  hand,  are  more  numerous  outside  of  the  tropical  zone,  particularly  in  the 
drier  regions  of  Southern  Africa  and  the  countries  adjoining  the  Mediterranean, 
which  are  esi>ecially  characterised  by  the  profusion  of  their  tuberous  and  bulbous 
plants  {cf.  Liliaceae). 

Offrinal. — The  unripe  fruit  of  Vanilla  planifolia  (Fig.  436)  is  the  officinal 
Fkuctus  Vanillae.  The  Vanilla  is  indigenous  to  Mexico,  but  is  now  culti- 
vated in  all  tropical  countries.  It  climbs  by  means  of  its  aerial  roots,  like  the 
Ivy.  The  ovate,  not  the  divided,  tubers  of  several  sjiecies  of  Orchis  and  allied 
plants  found  in  Europe  and  Asia  Minor  are  used  as  Salep,  Tubeka  Salep, 

The  small,  wholly  tropical  family  Burnuinniaceac  forms  a  connecting  link 
between  the  Gynaiidrac  and  the  Amaryllidaccae  and  other  epigj'nous  Liliijiora»:. 
In  common  with  the  latter,  its  flowers  have  usually  an  actinomorphic  perianth  and 
a  free  andrcecium  with  both  whorls  present  or  with  one  whorl  suppressed.  The 
ZA-gomorphism  of  many  forms,  the  often  unilocular  ovary,  the  very  numerous  and 
small  seeds  with  unsegmented  embryos,  indicate  on  the  other  hand  a  relationship 
with  the  Orchids. 

Sub-Cl.\ss  II 
Dicotyledones 

Flowers  generally  constructed  after  the  pentamerous,  penta- 
cyclic  type.    Seeds  with  or  without  albumen  ;  embryo  with  two 

rOTYLEDONs.  Heibs  and  woody 
plants  with  open  vascular 
bundles  exhibiting,  in  cross-sec- 
tions of  the  stems,  a  CIRCUL.\R 
arrangement,  and  also  almost 
always  with  a  cambium  which 
intersects  the  bundles  (Fig.  437). 
Leaves  usually  with  retici'L.\te 
YEXATiox  (Fig.  438). 

The  seeds  are  variously  con- 
structed, sometimes  with,  some- 
times without  albumen.  The 
embryo  may  be  large  or  small ; 
in  some  parasites  and  sapro- 
phytes it  is  unsegmented,  but 
otherwise  it  is  differentiated  into 
radicle,  hypocotyl,  and  two  coty- 
ledons. On  germination,  the  cotyledons  remain  in  some  cases  enclosed 
within  the  seed,  in  others  they  become  green  and  unfold  above  the 
surface  of  the  soil. 

The  primary  root  is  usually  retained,  and  may  be  distinguished 
from  the  lateral  roots  by  its  larger  size  and  more  vertical  growth. 
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The  stem  of  most  Dicotyledons  is  more  or  less  profusely  branched. 
(For  an  acconnt  of  the  arrangement  (Fig.  -437)  of  the  vascular  bundles 
and  of  their  structure,  cf.  pp.  117  and  102.  The  secondary-  thickening 
is  described  on  p.  120.) 

The  leaves  are  alternate  or  whorled,  in  the  former  case  assuming 
various  arrangements.  They  often  have  stipules,  but  rarely  leaf- 
sheaths.  The  lamina  is  simple  or  compound,  entire  or  more  or  less 
irregular  in  outline. 

In  the  majority  of  cases  the  structure  of  the  flowers  may  be 
referred  to  the  pentacyclic,  pentamerous  type,  although  flowers  with 
whorls,  consisting  of  two  to  six  or 
more  members,  also  occur.  When 
more  than  five  members  are  present 
in  a  whorl  the  modification  of  the 
normal  structure  is  usually  due  to 
splitting  ;  when  less  than  five,  to 
suppression.  There  are  also  some 
flowers  which  normally  have  less 
than  five  members  in  the  floral 
whorls.  The  median  sepal,  with  few 
exceptions  (Pajnlionaceae,  Loheliaceae), 
occupies  a  posterior  position.  In 
the  most  simply  constructed  Dicoty- 
ledonous flowers  {Amentaccae)  the 
number  of  members  composing  the 
whorls  is  subject  to  variation.  Such 
a  condition  does  not  result  from  a 
modification  of  flowers  of  the  pen- 
tamerous type  occurring  in  the 
course  of  phylogenetic  development ; 
but  it  must  be  assumed  rather  that 
the  numerical  relations  existing  be- 
tween the  parts  are  not  yet  thoroughly 
fixed. 

In  the  oldest  forms  a  corolla  is  typically  absent ;  in  the  more 
highly  developed  the  perianth  is  usually  difterentiated  into  a  calyx  and 
corolla.  More  rarel}',  by  the  suppression  of  one  whorl,  the  perianth  is 
simple  or  developed  as  a  double  calycoid  or  corollaceous  perigone. 

The  Dicotyledons  are  divided  into  the  two  groups,  Choripdalae  and 
Sym;petalae. 

A.  Choripetalae 

Perianth  single  or  double,  and  then  usuall}-  polypliyllous. 
The  group  contains  the  following  orders  :  Amentaceae,  Urticinae, 
Polygoninae,  Centrosjiermae,  Polycarpicae,  PJweacUnae,  Cistijforae,  Fassi- 


FiG.  43S.— Leaf  with  reticulate  venation 
(3  nat.  size). 
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florinae,  Opuntinae,  Columniferae,  Gruinales,  Terehinthinae,  Sapindinae, 
Frangulinae,  Tliyraelaeinae,  Tricoccae,  Umhellijlome,  Saxifraginae,  BosiJIorae, 
Legumiiiosae,  Mijrtiflorae,  and  the  provisional  group  of  the  Hysterophiita. 
The  first  three  orders  comprise  plants  with  simply  constructed  apetalous 
flowers,  often  typically  unisexual,  and  probably  representing  less  highly 
developed  types;  while  the  group  of  the  llysterophyta,  as  is  evident 
from  the  parasitism  of  most  of  its  members,  is  of  more  recent  origin. 
The  sefpience  in  which  the  orders  are  here  given  does  not  constitute 
an  ascending  series,  and  it  has  no  reference  to  their  i)osition  in  the 
scale  of  development. 

Order  1.  Amentaeeae 

Flowers  hypogynous  or  epigynous,  unisexual,  small,  naked,  or 
with  CALYCOID  PERIGONE ;  the  male  in  catkins  (amenta) ;  the  female 
in  inflorescences  of  a  difierent  character.  Number  of  stamens  variable, 
rarely  the  same  as  that  of  the  perigone  leaves.  Gynoecium  two-  to  Six- 
MEROUS.     Seeds  without  endosperm. 

The  Ammtaccae  are  all  woody  plants  with  alternate  leaves.  The 
male  inflorescences  are  characteristic  of  this  order  ;  they  have  the  form 
of  catkins,  bearing  the  small  flowers  in  the  axils  of  scale-like  bracts. 
The  female  flowers  are  sometimes  aggregated  into  catkins,  as  in  the 
Willow ;  in  other  cases  into  capitate  or  spike-like  inflorescences.  The 
fruit  is  usually  a  one-seeded  nut,  rarely  a  capsule  or  drupe. 

The  diclinous  flowers,  the  absence  or  imperfect  development  of  the 
perianth,  the  variable  number  and  often  irregular  arrangement  of  the 
parts  of  the  flower  in  the  same  or  in  allied  species,  the  almost  uniform 
wind-pollination,  and  the  small  degree  of  modification  exhibited  by  the 
flowers  adapted  to  pollination  by  insects,  make  it  probable  that  of  all 
the  Dicotyledons  the  Amentaeeae  difler  less  widely  from  the  primitive 
form,  and  represent  phylogenetically  the  lowest  stage  of  development. 
That  the  primitive  character  of  the  flowers  is  not  a  result  of  reduction, 
but  of  a  low  degree  of  development,  is  apparent  not  only  from  the 
fact  that  all  indications  of  such  a  reduction  are  lacking,  but  also 
because  the  male  and  female  flowers  have  so  evidently  not  arisen,  like 
the  unisexual  flowers  of  the  more  highly  developed  types,  from  others 
that  were  originally  hermaphrodite. 

The  close  relation  of  the  Amentaeeae  to  older,  now  extinct,  types  may  be 
assumed  -with  certainty,  if  it  sliould  prove  that  the  Casuarinaccae  also  belong  or 
are  allied  to  this  order.  The  last-named  family,  as  Tkeub  has  shown,  possesses 
l)eculiarities  which  distinguish  it  from  the  Angiosperms  and  place  it  nearer 
the  Gymnosperms,  or  even  the  Pteridophytes  {e.g.  a  multiplicity  of  embryo-sacs 
with  egg-apparatus,  the  presence  of  a  cell-wall  investing  the  still  unfertilised  egg- 
cells,  beginning  of  the  endosperm  formation  before  fertilisation).  The  Casuarinaccae 
exhibit  the  additional  peculiarity  that  the  pollen-tubes  do  not  approach  the 
embryo-sac  through  the  micropyle,  but  by  penetrating  the  chalaza  (Chalazogamy). 
According  to  recent  investigations  some  undoubted.! ^rtccac are  also  chalazogamic, 
a  fact  which  would  favour  the  inclusion  of  the  Casuarinaccae  within  this  order. 
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The  essential  variations  exhibited  within  the  order  are  limited  to 
the  female  flowers,  Avhich  are  sometimes  hypogynous,  sometimes 
epigynous,  and  ])ossess  a  septated  or  unseptated  ovary,  a  single  ovule 
or  a  number  of  ovules  in  diff'erent  positions.  These  distinctions  are 
utilised  in  classifying  the  diff'erent  families. 


B 

Fig.  439. — Sulix  viminalis.  A, 
Flowering  male-shoot  (nat.  size); 
B,  male  flower  with  subtending 
bract  (magnified) ;  C,  female 
inflorescence  ;  D  -  E,  female 
flowers  (magnified) ;  F,  fruit 
(nat.  size);  G,  the  same  magni- 
fied ;  H,  seed  (magnified). 


Fig.  440.  — Po^jhZks  tremiila.  1,  Male  inflorescence;  2, 
female  inflorescence ;  3,  male  flower ;  4,  female  flower ; 
5,  the  same  in  longitudinal  section  ;  6,  fruit ;  7,  the  same 
after  dehiscence ;  8,  seeds  ;  9,  diagram  of  male  flower. 
(After  WossiDLO.) 


Family  Salieaceae. — Flowers  hypogynous,  dioecious;  perianth 
absent;  DISC  cupular  or  consisting  of  scales;  ovary  dimerous, unilocular 
WITH  numerous  parietal  OVULES  ;  fruit  a  capsule ;  seeds  numerous, 
furnished  with  a  tuft  of  silky  hairs.  Trees  and  shrubs,  bearing  simple 
leaves  without  stipules,  and  amentaceous  inflorescences  (Figs.  439,  440). 

2  0  . 
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The  family  contains  only  the  two  genera,  Salix,  Willow,  and  Populus,  Poplar. 

The  flowers  of  the  "Willow  (Fig.  439),  unlike  those  of  all  the  other  Amentaccac, 
are  pollinated  by  insects,  not  by  the  wind.  They  are  accordingly  provided  with 
nectaries  (the  disc-scales)  as  a  means  of  enticement,  and  the  male  flowers  have  an 
attractive  odour,  bright-coloured  anthers,  and  a  sticky  pollen.  Male  and  female 
catkins  have  essentially  the  same  structure  ;  they  are  beset  with  scale-like,  entire 
l)racts,  in  the  axils  of  which  the  flowers  are  borne  singly.  Each  male  flower  possesses 
usually  two  stamens  {Salix  alba),  rarely  three  or  more  {Salix  triandra,  S.  pentandra). 
The  fruit  is  a  two-valvcd  capsule.    The  numerous  seeds  are  disseminated  by  the 


Fig.  AA\.—Fagus  silmtica.    1,  Flowering  branch  ;  2,  a  male  tlower ;  8,  a  female  flower  cut  thronph 
longitudinally  ;  4,  transverse  section  of  ovary  ;  5,  cupule  an<l  fruits  ;  (>,  fruit.   (After  Wo-S-sidlo.) 

wind;  by  means  of  their  hairy  ai)pendagos  they  are  able  to  lloat  for  a  long  time 
in  the  air. 

The  Poplars  (Fig.  440)  are  anemophilous.  The  liowers,  accordingh",  are  desti- 
tute of  nectaries,  which  are  represented  by  a  cup -shaped  disc.  The  catkins 
are  similar  to  those  of  the  "Willow,  but  with  toothed  or  lobed  bracts.  The  fruit 
and  seeds  are  like  those  of  the  Willow. 

Geogkaphical  Distribution. — The  Salicaccac  inhabit  almost  exclusively  the 
temperate  and  colder  zones,  where  they  are  often  abundantly  represented,  consti- 
tuting an  important  part  of  the  vegetation.  They  are  especially  characteristic  of 
the  low  ground  along  the  banks  of  streams,  where  the  more  shrubby  Willows 
{S.  jmrpurca,  triandra,  viminalis,  etc.)  form  thicket-like  growtlis,  often  overtopped 
by  arborescent  species  {S.  alba,  fragilis).  The  Weeping  Willow  {S.  babylonica)  is 
indigenous  to  the  East. 
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To  the  genus  Populus  belong,  among  others,  the  White  Poplar  (P.  alha),  the 
Black  Poplar  (P.  nigra),  the  Aspen  (P.  tremula),  all  natives  of  Europe,  and  the 
Lombardy  Poplar  (P.  pyramidalis),  originally  indigenous  to  the  East. 

Officinal. — Salix  alha  and  other  species  yield  Cortex  salicis. 

Family  Cupuliferae. — Flowers  epigynous,  monoecious,  wdth  or 
without  perigone ;  Disc  absent  ;  ovary  TWO-  TO  three-locular,  with 


Fig.  A.i2.—Quercus  pcduucidutu.  A,  Flowering  branch;  B,  a  male  flower  (magnified);  C,  stamens 
(magnified);  D,  a  female  flower  (magnified);  E,  infructescence  ;  F,  cupule ;  G-H,  seed.— 
Officinal. 

ONE  TO  TWO  SUSPENDED  OVULES  IN  EACH  LOCULUS  ;  fruit,  a  one-seeded 
nut.  Woody  plants  with  simple,  stipulate  leaves  ;  female  inflorescences 
of  different  types  (Figs.  441-447). 

The  Cupuliferae  are  deciduous,  or,  in  the  warmer  zones,  evergreen 
woody  plants,  with  variously  shaped,  usually  toothed  or  lobed  leaves. 

These  flowers  are  small  and  inconspicuous  ;  tliey  are  adapted  to 
wind-pollination,  and  are  accordingly  destitute  of  any  special  means  of 
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attracting  insects.  The  male  flowers  are  either  naked  or  have  a  perigone 
consisting  of  four  to  six  members  ;  the  female  flowers  are  variously  con- 
structed. The  presence  of  a  woody  cupule  is  characteristic  of  many 
CupuUfcrap ;  it  consists  of  an  involucre  formed  of  coherent  bracts 
investing  the  whole  female  inflorescence  or  only  the  single  flowers, 
and  comi)letely  enclosing  the  whole  infructescence  or  the  separate 
fruits,  or  only  enveloping  them  at  the  base. 

Sub-Families  and  Representative  Genera. — (1)  Bctuloidcae.  Ovary  bi- 
locular  ;  no  woody  cupule.  Bdula,  Birch;  Alnus,  Alder;  Corylus,  Hazel-nut; 
Carj)inus,  Hornbeam.  (2)  Fagoidcae.  Ovary  with  three,  rarely  with  more  loculi  ; 
cupule  present.    Fa<jus,  Beech  ;  Que  reus,  Oak  ;  Casta  nca,  Chestnut. 

In  the  Beech  (Fig.  441)  the  male  flowers  are  borne  in  small,  globose  catkins; 
they  have  a  bell-shaped  fringed  perigone  and  numerous  stamens.  The  female 
inflorescence  is  composed  of  two  flowers  with  a  six-leaved  perigone  and  trimerous 
gyncecium,  Eacli  inflorescence  gives  rise  to  two  three-sided  nuts,  which  are 
invested  by  a  woody  cupule.  The  cupule  is  covered  with  hard  bristles,  and  when 
ripe  splits  into  four  valves. 

In  the  Chestnut  {Castania  vesca)  the  fruit  is  also  completely  enclosed  in  a 
cupule  until  maturity  ;  this  is  thickly  covered  with  prickles,  and  splits  into  four 
valves  when  ripe. 

The  Oak  (Figs.  442,  443)  possesses  long,  slender  male  catkins  with  flowers 
disposed  at  intervals,  and  capitate  or  spike-like  female  inflorescences.    Each  female 

flower  is  jirovided  with  a  scaly  cupule,  which 
ultimately  invests  the  base  of  the  solitary  nut 
("acorn").  Only  two  species  are  indigenous  to 
Germany,  Q.  2^<^(^^(^^icitlata  and  Q.  sessilijfora, 
botli  of  which  are  often  regarded  as  varieties  of 
the  one  species,  Q.  robur.  In  the  first  named 
the  leaves  have  short  stalks,  and  the  female 
inflorescences  are  sjucate  ;  in  Q.  scssiliflora  the 
stalks  of  the  leaves  are  long,  while  the  female 
inflorescences  are  capitate. 

The  inflorescences  of  the  Hazel  {e.g.  Conjlus 
Avcllana,  the  common  Haztl-nut),  unlike  those  of 
the  genera  just  described,  are  developed  in  the  pre- 
ceding year ;  the  male  last  over  tlie  winter,  naked  ; 
the  female  inflorescence  is  enclosed  in  a  bud  (Fig. 
444).  In  early  sjtring  the  male  catkins  elongate 
and  produce  an  abundance  of  dry  i>ollen,  while  the 
female  inflorescences  are  distinguishable  from  the 
leaf-buds  only  by  their  larger  size  and  projecting 
red  stigmas.    The  nut  is  enveloped  at  the  base  by  a  sheath  of  succulent  bracts. 

In  the  Hornbeam,  Carpinus  Bctulus  (Fig.  445),  the  C3'lindrieal  loose  inflorescences 
make  their  first  appearance  in  the  spring.  The  nut  is  provided  with  a  three-lobed 
sheath. 

The  inflorescences  of  the  Alder  {e.g.  Alnus  glutinosa,  Black  Alder  ;  A.  incana, 
Speckled  or  Hoary  Alder),  like  tliose  of  the  Hazel,  are  developed  on  the  shoots 
of  the  previous  year.  The  male  are  long  and  cylindrical  ;  the  female  are  mucli 
smaller,  ovoid  in  sliajte,  and  form  cone-like  infructescences  with  two  nuts  at  the 
base  of  each  scale  (Fig.  446). 


Fig.  443, 


Qu^rcus  pcdunvulata,  longi- 
tudinal section  of  the  female 
flower,  b,  The  young  cupule ;  r, 
ovule  ;  d,  ovary  ;  c,  perigone  ;  /, 
style  ;  g,  stigma.  (After  Bero  and 
Schmidt,  magnified.) 


Fig.  444.— Cony?KS  Acdlana.  1,  A  flowering  branch  ;  2,  a 
male  flower  ;  3,  a  stamen ;  4,  a  female  flower  cut  through 
longitudinally ;  5,  fruit  with  cupule  ;  li,  fruit  without 
cupule  ;  7,  a  "foliage-leaf.    (After  Wossidlo.) 


Fig.  446. — AInus  ohttinosa,  1,  Branch  with  male  (o)  and 
female  {h)  inflorescences  ;  2,  male  flowers  ;  3,  female  in- 
florescence ;  4,  two  female  flowers  ;  5,  infructescence  ; 
6,  fruit.    (After  Wossidlo.) 


Fig.  4-i5.— Carpi nus  Bcfulu-''.  1,  Flowering  branch  ;  2,  a  male 
flower ;  3,  stamens  ;  4,  female  flowers  ;  5,  a  female  flower 
isolated.    (After  Wossidlo.) 


Fig.  447. — Betiila  olba.  1,  Branch  with  male  («)  and  female  (?0 
inflorescences  ;  2,  bract  with  three  male  flowers  ;  3,  bract 
with  three  female  flowers ;  4,  infructescence ;  5,  fruit. 
(After  Wossidlo.) 
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In  tlie  Birch  {Betula  alba)  the  male  inflorescences  appear  in  autumn,  the  female 
not  until  the  following  spring;  both  are  cylindrical  and  many- flowered.  The 
fruit  is  winged,  and  is  borne  in  groups  of  three  in  the  axil  of  each  bracteal  scale  ;  the 
scales  become  detaclied  from  the  axis  and  fall  off"  together  with  the  fruit  (Fig.  447). 

Geographical  Distribution.— The  Cupuliferae  constitute  the  most  important 
deciduous  trees  of  the  forests  of  the  whole  northern  hemisphere,  but  only  occur  in 
the  Tropics  in  the  cooler  mountainous  regions. 


Fio.  A^S.—Juglans  regia.  Blanch  with  male  (o)  and  female  (/<)  inflorescences ;  2,  a  group  of  male 
flowers ;  a,  stamen  seen  from  the  inner  side ;  b,  the  same  seen  from  the  side ;  3,  a  female 
flower ;  4,  the  same  in  lontntudinal  section  ;  5,  fruit,  with  pericarp  partly  removed  ;  t>,  the 
same  in  longitudinal  section.— Orr/ay a  L.    (After  Wossidlo.) 

This  family  supplies  many  plants  of  economic  value.  The  w  ood  of  the  Oak  is 
particularly  valuable  on  account  of  its  hardness  and  density,  while  the  bark  is  used 
for  tanning,  and  the  fruit  as  a  cheap  substitute  for  coH'ee.  Cork  is  obtained  from 
the  Cork-Oak  {Qucrcus  Suhcr  and  Q.  occidental  is)  of  Southern  Europe.  The  wood 
of  the  Beech  is  largely  used  for  firewood,  and  from  the  seeds,  Beech-nuts,  oil  is 
derived.  The  seeds  of  the  Chestnut  are  edible,  and  form  in  the  soutli  of  Europe 
an  important  article  of  food. 

Offk'INAT.. — The  bark  of  some  species  of  Oak,  Cortex  QiERcrs,  and  tlie  acorns, 
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Semex  QuERcrs,  are  used  medicinally.  Qucrcus  lusiianica  Webb.  var.  infedoria, 
indigenous  to  the  East,  produces,  when  stung  by  the  Gall-fly,  Cynips  gallae  tinctoriae, 
the  officinal  Galeae. 

Family  Juglandaeeae.  ■ — Flowers  epigvnous,  moncecious,  naked  or 
with  tetramerous  perigone ;  uumber  of  stamens  indefinite  :  ovary  with 
two   INCOMPLETE   LOCULI,    enclosing  ONE  ERECT    0\TLE.  AROMATIC 

trees,  usually  having  imparipinnate  leaves  without  stipules. 

In  Juglans  ngia,  the  AValnut  (Fig.  448),  the  thick,  cyhndrical  male  catkins  are 
borne  in  the  axils  of  the  fallen  leaves  of  the  shoots  of  the  previous  yeai- ;  the  two 
bracteoles  and  the  gamophyllous,  tetramerous  perigone  are  adherent  and  envelop 
a  varying  number  of  stamens.  The  female  flowers  are  aggregated  in  few-flowered 
spikes  at  the  apices  of  the  leafy  shoots  of  the  same  year.  In  the  female  flowers, 
as  in  the  male,  the  leaves  of  the  perigone  are  coherent  and  united  with  the  brac- 
teoles. The  large,  white  papillose  stigmas  constitute  the  most  conspicuous  part 
of  the  flowers.  The  fruit  is  a  drupe,  and  when  ripe  it  has  a  brown,  irregularly 
splitting  exocarp  and  a  hard  endocarp.  The  seed,  which  is  deeply  lobed  in  con- 
sequence of  the  incomplete  septation  of  the  cavity  of  the  ovary,  consists  of  a  thin 
seed-coat  and  two  large,  oily  cotyledons  attached  to  a  short  hypocotyl. 

Geographical  Distribution. — The  Walnut  {J.  rcgia)  grows  wild  in  Greece 
and  Asia  Minor.  The  other  members  of  this  small  family  are  forest  trees  of  Xorth 
America  and  Eastern  Asia.  The  wood  of  several  species  of  Juglandaceae,  particu- 
larly of  the  Walnut,  is  much  used  for  furniture  and  in  cabinet  work. 

Officinal. — From  Juglans  regia  is  obtained  Folia  Juglaxdis. 

Allied  to  the  Juglandttceae  is  the  small  family  Myricaceae,  of  which  the  Bog- 
Myrtle  or  Sweet  Gale,  Myrica  Gale,  growing  on  moors  and  along  the  wet  borders 
of  ponds,  is  a  familiar  example. 

It  has  already  been  pointed  out  that  the  Casuarinaceae  are  probably  related  to 
the  members  of  this  alliance.  This  family  comprises  a  number  of  Australian  and 
East  Indian  trees  which  somewhat  resemble  the  Equis4:tao:ac  in  appearance. 

Order  2.  Urtieinae 

Flowers  hypogynous,  usually  unisexual,  small,  with  SIMPLE,  CALY- 
COID  PERIGONE  :  Stamens  opposite  the  leaves  of  the  perigone,  and  of 
the  same  number  :  gyncecium  one-  to  two-merous,  in  the  last  case  one 
of  the  carpels  usually  reduced  :  ovary  unilocular,  with  one  ovule  :  seeds 
usually  with  endosperm.  Herbs  and  woody  plants  with  thick  inflor- 
escences. 

There  are  no  very  essential  difterences  between  the  Amentaarie  and  Urtieinae. 
Inflorescences  resembling  the  catkins  of  the  Amentaceae  sometimes  occur  in  the 
Urtieinae.  The  reduction  of  the  gyncecium  to  a  single  fertile  carpel  does  not 
always  take  place  in  the  Urtieinae,  nor  is  an  endosperm  always  present  in  the  seeds 
without  exception.  In  such  cases,  however,  other  characteristics  and  a  comparison 
with  allied  forms  leave  no  doubt  of  their  proper  position  within  this  order. 

Some  members  of  this  family  are  herbs,  others  are  shrubs  or 
trees.  They  have  variously  shaped,  but  always  stipulate  leaves,  and 
frequently  they  contain  a  latex.  The  flowers,  as  a  rule,  are  wind- 
pollinated  and  inconspicuous  :  they  are  aggregated  into  thick  inflor- 
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escences  and  produce  great  quantities  of  dry  pollen,  and  have  large, 
brush-like  stigmas.  Entomophilous  forms  adapted  to  insect-pollina- 
tion occur  in  the  Moraceae  {e.g.  the  Fig).  AVhile  in  the  Amentaceae 
the  structure  of  the  flowers  is  subject  to  great  variation,  in  the 
Urticinae  it  is  more  uniform  and  constant.  The  almost  invariable 
presence  of  a  perigone,  the  haplostemonous  stamens,  the  herma- 
phrodite or,  by  reduction,  unisexual  flowers  are  indicative  of  the  high 

stage  of  development 
attained  by  this  familj'. 
The  fruit  is  either  dry 
and  nut -like  or  dru- 
paceous. 

Family  Ulmaeeae. 
— Flowers  hermaphro- 
dite or,  as  a  result  of 
suppression,  unisexual, 
with  four  to  six  peri- 
gone leaves  ;  stamens 
STRAIGHT  in  the  bud  ; 
ovary  dimerous,  uni- 
locular, with  one  sus- 
pended, AXATROPOUS 
ovule.    Woody  jolants 

WITHOUT  MILKY  JUICE, 

with  pinnately  veined 
leaves  and  CADUCOUS 
stipules  (Fig.  449). 

This  family  comprises 
tall  trees  Avitli  two- 
rauked  unsymmetrical, 
hairy  leaves.  The  flowers 
are  hermaphrodite  and 
clustered  in  the  axils  of 
the  leaves  of  the  preceding  year.    The  fruit  is  a  Aviuged  nut. 

Geographical  Distributiox. — The  Ulmaeeae  are  forest  trees  of  the  temperate 
and  tropical  zones.  As  examples  of  the  genus  Ulmus  may  be  cited,  Ulmus  cam- 
pest  ris,  the  Common  Elm,  and  U.  cjf'usa,  also  the  Witch-Hazel  or  AVych-Elm,  Ulmus 
montana,  all  native  of  Europe.  Celtis  australis,  from  Southern  Europe,  and  the 
Hackberry  {Celtis  occidentalism  from  North  America,  both  of  which  have  drupaceous 
fruits,  are  frequently  cultivated  as  ornamental  trees. 

Family  Moraceae. — Flowers  unisexual,  usually  with  four  perigone 
leaves ;  stamens  straight  or  inflexed  in  the  bud ;  ovary  dimerous, 
unilocular,  with  one  suspended,  anatropous  ovule.  Mostly  trees  or 
shrubs,  rarely  herbs,  with  milky  juice  and  CADUCOUS  stipules  (Fig. 
450). 

The  Moraceae  are  easily  distinguishable  from  the  Ulmaeeae  by  their 


Fig.  449. —  Ulnius^  campest lis.  ],  Flowering  branch;  2,  branch 
with  leaves  ;  3,  a  flower ;  4,  the  same,  cut  through  longitudi- 
nally ;  5,  fruit.    (After  Wossidlo.) 
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latex  tubes,  and  also  by  their  peculiar  inflorescences,  frequently  con- 
sisting of  numerous 
axes  which  have  become 
more  or  less  coherent. 
Especially  remarkable 
in  this  respect  are  the 
flowers  and  fruit  of  the 
Fig-tree,  Ficus  carica 
(Fig.  450).  The  fruit 
known  as  the  Fig  is 
the  aggregated  product 
of  the  complete  union 
of  the  axes  of  a  cymose 
inflorescence.  The  suc- 
culent part  of  the  ripe 
fruit  consists  in  its  outer 
portions  of  the  coherent 
axes,  and  internally  of 
the  perigones  of  the 
flowers  comprising  the 
inflorescence.  The  peri- 
gone  of  each  flower  encloses  a 
a  single  fruit. 


-Ficns 


female  flower 


Flowering  branch  ;  2, 
cut  tlirougli  longitudinally;  3,  a  male  flower;  4,  a  tig  in 
longitudinal  section.    (After  Wossidlo.) 


hard  nutlet,  the  whole  representin* 


The  Moraceae  are  represented  in  Germany  only  by  cultivated  species,  the  Mul- 
berry tree,  Morus  nigra,  which  is  of  Asiatic  origin,  and  by  the  Fig  tree,  Ficus  carica. 


Fig.  451. — Cannabis  sativu.    1,  Part  of  a  flowering  shoot  of  a  male  plant;  2,  the  same  of  a  female 
plant ;  3,  a  male  flower ;  4,  a  female  flower ;  5,  fruit.    (After  Wossidlo.) 

The  genus  Ficus  is  the  largest  of  the  family,  and  is  especially  remarkable  on  account 
of  the  great  variety  of  forms  it  assumes,  the  size  and  beauty  of  many  of  its  species, 
and  its  economic  value.  The  seed  of  the  East  Indian  Banyan,  Ficus  hengalensis, 
germinates  on  the  branches  of  other  trees,  to  which  it  is  carried  by  birds.  Grow- 
ing first  as  an  epiphyte,  it  sends  down  slender  roots  to  the  ground,  which  develop 
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ultimately  into  thick  columns  ;  the  branching  crown  in  the  meantime  becomes 
enormously  expanded  horizontally,  and  there  is  formed  a  large  hall  of  columns,  in 
the  shade  of  which  there  is  sufficient  space  for  a  village.  The  tree  upon  which 
the  seed  first  germinated  disappears  entirely.  The  species  of  Ficus  and 
the  majority  of  the  Moraceae  occur  in  the  virgin  forests  of  tropical  countries. 

Caoutchouc  is  obtained  from  the 
latex  of  many  species  of  Moraceae  ; 
other  species  have  edible  fruit,  e.g. 
the  Mulberry,  Fig,  and  the  Bread 
tree,  Artocarpus  incisa. 

Officinal. — From  Morus  nigra 
is  derived  Syrupus  mori. 

Family  Cannabinaeeae. — 

Flowers  typically  dioecious  ; 
the  male  with  five  perigone 
leaves,  and  as  many  stamens 
with  STRAIGHT  filaments  in  the 
bud  ;  the  female  flower  has 
an  entire,  cup -like  perigone. 
Ovary   dimerous,    with  one 

SUSPENDED,  ANATROPOUS 

ovule.  Herbs  without  latex, 
with  palmately-nerved  leaves 
and  PERSISTENT  stipules  (Figs. 
451,  452). 

Geneea. — Cannabis,  Humulus. 
Cannabis  sativa,  Hemp,  is  a  native 
of  the  East  Indies.  It  is  an  annual 
herb  Avith  palmately  divided  leaves 
beset  with  stiff  hairs.  The  male 
flowers  form  a  large,  profusely 
branched  panicle  with  leaves  only 
at  the  base.  The  female  flowers  are 
aggregated  into  small  spikes,  and 
are  concealed  by  numerous  leaves  ; 
as  in  most  cases  of  wind-pollination, 
the  stigmas  are  characteristically 
large  and  papillose  (Fig.  451).  The 
female  plants  are  larger  and  possess  thicker  foliage  than  the  male.  The  subtend- 
ing leaves  of  the  female  flowers  of  the  variety  indica  are  covered  with  glandular 
hairs,  which  excrete  resin.    The  fruit  is  a  nut  Avith  a  seed  containing  much  oil. 

The  Hop,  Humulus  Lupulus  (Fig.  452),  is  both  cultivated  and  found  wild.  It 
is  a  twining,  perennial  herb  Avith  hispid,  palmately-lobed  leaves.  The  male  flowers 
are  united  in  profusely  branched,  axillary  panicles  devoid  of  leaves  ;  the  female 
are  clustered  into  cone-like  inflorescences,  whose  scales  represent,  in  part,  the  stip- 
ules of  undeveloped  hypsoj)hylls,  in  part  the  subtending  leaves  of  the  flowers. 
When  ripe,  the  scales  are  covered  with  yellow  glandular  hairs  which  secrete  lupulin. 
It  is  to  the  presence  of  this  lupulin  that  the  value  of  hops  in  brcAving  is  due. 


Fig.  ^b2.—Huimilus  L%ipuhis.  1,  Branch  of  male  in- 
florescence ;  2,  branch  with  female  inflorescences ; 
3,  a  female  inflorescence ;  4,  two  female  flowers 
with  bract ;  5,  infructescence ;  6,  fruit.  (After 

WOSSIDLO.) 
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Officinal. — From  Cannabis  sativa  var.  indica  is  obtained  Herba  Cannabis 
INDICAE.  The  glands  of  the  cone -scales  of  Humulus  Lupulus  have  an  officinal 
value  as  Lupulinum. 

Family  Urtieaeeae. — Flowers  unisexual  through  reduction,  usually 
with  four-leaved  perigone  and  with  stamens  inflexed  in  the  bud ; 
ovary  monomerous,  with  an  erect,  atropous  ovule.  Herbs 
and  shrubs  WITHOUT  LATEX,  with  stipulate  leaves. 

The  Urtieaeeae  are  mostly  herbs  and  shrubs  with  simple  leaves, 
which  are  often  armed  with  stinging  hairs.  The  flowers  are  restricted 
to  wind-pollination,  and  are  clustered  in  thick,  greenish  or  whitish 
inflorescences.    The  fruit  is  a  nut  or  a  drupe. 

Geographical  Distribution.  —The  Stinging  Nettles,  Vrtica  urens  and  dioica, 
occur  everywhere  as  common  weeds.  The  majority  of  the  representatives  of  this 
family,  however,  inhabit  the  warmer  zones,  where  they  constitute  a  considerable 
proportion  of  the  herbaceous  and  shrubby  vegetation  of  the  primitive  forests. 

Order  3.  Polyg-oninae 

Flowers  hypogynous,  hermaphrodite,  sometimes  unisexual  by 
suppression,  generally  trimerous  ;  perianth  absent  or  developed  as  a 
perigone  ;  ovary  unilocular,  w^th  a  single  basal  atropous  ovule. 

The  Polygoninae  occupy  an  intermediate  position  between  the  Urticinae  and  the 
following  order,  Centrospermae.  Resembling  the  Urticinae  in  their  small,  usually 
greenish,  thickly  clustered  flowers  and  in  the  construction  of  the  ovary,  they  may 
always  be  distinguished  from  them  by  their  trimerous  flowers.  They  diff'er  from 
the  Centrospermae  in  having  atropous  ovules  and  in  the  trimerous  structure  of  their 
flowers. 

The  members  of  this  order  are  mostly  herbs,  rarely  small  woody 
plants.  They  generally  have  axes  swollen  at  the  nodes,  simple, 
usually  entire  leaves,  and  spike-like  inflorescences  with  closely-crowded 
small  flowers.  The  flowers  themselves  vary  greatly  in  structure  ;  some- 
times naked,  and  of  the  simplest  structure ;  sometimes,  by  the  dis- 
similarity of  the  outer  and  inner  leaves  of  the  perigone,  and  by  the 
possession  of  two  whorls  of  stamens,  they  exhibit  a  higher  stage  of 
development  than  is  attained  by  the  Urticinae.  The  fruit  is  either  a 
nut  or  drupaceous  in  character ;  the  seeds  contain  a  mealy  albumen. 

Family  Piperaeeae. — Flowers  naked,  typicall}^  trimerous,  but 
usually  REDUCED  ;  fruit  DRUPACEOUS  ;  seeds  with  perisperm.  Herbs 
and  shrubs  with  stipulate  or  exstipulate  leaves  (Figs.  453,  454). 

The  Piperaeeae  are  found  exclusively  in  tropical  countries,  where,  as  herbs  and 
shrubs,  often  climbing  by  means  of  roots  or  living  as  epiphytes  with  inconspicuous, 
densely  clustered,  green  flower-spikes,  they  constitute  an  essential  though  not 
particularly  prominent  part  of  the  Flora.  Piper  nigrum  L.,  the  Black  Pepper 
(Fig.  453),  is  a  shrubby  root-climber  native  of  the  East  Indies,  and  is  now  cultivated 
in  all  tropical  countries.  The  unripe  drupes  of  this  species  are  familiarly  known 
as  black  pepper  ;  white  pepper  consists  of  the  kernels  of  the  fruit  of  the  same 
plant,  freed  from  the  exocarp.    The  perisperm  is  large  and  mealy. 
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Officinal. — The  dried,  unripe  fruit  of  Pixier  Cubeba,  a  climbing  shrub  of  the 
Sunda  Islands,  is  the  officinal  Cubeba.  It  is  distinguishable  from  pepper-corns  by 
the  presence  of  a  stalk-like  appendage  (Fig.  454). 

Family  Polygonaeeae. — Flowers  with  single  or  double  perigone, 
typically  trimerous,  but  the  number  of  stamens  is  frequently  increased 
by  division ;  fruit  almost  always  a  nut ;  seeds  without  perisperm. 


Herbs,  rarely  woody  plants,  especially  characterised  by  alternate  leaves 
and  connate  stipules  in  the  form  of  tubular  sheaths. 

The  wild  or  cultivated  Polygonaeeae  are  herbs  with  holloAv  stems 
and  simple,  rarely  lobed,  alternate  leaves. 

The  OCHREA,  formed  by  the  coherent  stipules,  is  very  character- 
istic ;  it  first  encloses  the  apex  of  the  shoot,  and  afterwards  surrounds 
the  base  of  the  internode  and  axillary  bud  as  a  scaly  tube.  The  flowers 
are  small  and  aggregated  into  compound  spikes,  racemes,  or  panicles ; 
they  have  a  calycoid  or  corollaceous,  reddish  perigone,  according  as 
they  are  anemophilous  or  entomophilous.  The  inner  circle  of  stamens 
is  often  suppressed  {Eumex).  The  fruit  is  in  most  cases  a  three-sided, 
thin-walled  nut  with  a  mealy  endosperm. 

Polygonum,  Knot-Grass,  has  a  corollaceous,  five-leaved  perigone  and  five  to  eight 
stamens.    Rumex,  the  Dock  or  Sorrel,  possesses  a  six-leaved  (3-1-3)  calycoid  perigone 
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and  six  (6  +  0)  stamens.  Rheum,  Rhubarb,  has  also  a  calycoid  perigone  and  nine 
(6  +  3)  stamens. 


Fig.  '^bb.—Wmiin  officinale,  greatly  reduced.    (After  Baillon.) 


Geographical  Distribution. — The  Polygonaccae  are  chiefly  found  in  the 
North  Temperate  Zone.  Rumex  acetosa,  Sorrel,  contains  a  large  amount  of  potas- 
sium oxalate,  and  is  on  that  account  esteemed  as  a  vegetable  and  often  cultivated 


506 


BOTANY 


PAET  II 


for  that  purpose.  Other  frequently  cultivated  plants  belonging  to  this  family 
are  the  Buckwheat,  Fagoj^yrum  esculentum,  and  the  different  species  of  garden 
Rhubarbs. 


A  BCD 


Fig.  ■\b'^>.— Rheum  officinale.    A,  Flower  ;  B,  the  same  cut  through  longitudinally  ;  C,  gj-uoeciuni  with 
disc  ;  Rheum  comjxictum,  D,  fruit.    (After  Lurssex,  magnified.) 


Officinal. — The  rhizome  of  Rheum  officinale  (Figs.  455,  456)  and  E.  palma- 
turn  var.  tanguticum  is  the  officinal  Radix  Rhei. 

Order  4.  Centrospermae 

Flowers  hermaphrodite,  usuall}^  hypogynous,  penta:merous  with 

CALYCOID  PERIGONE,   OR  WITH   CALYX  AND   COROLLA,  rarel}^  naked  ; 

andrfficium   haplostemonous   or   diplostemonous  ;    ovary  commonly 

UNILOCULAR,  WITH  A  SINGLE,  BASAL  OVULE,  or  with  a  FREE-CENTRAL 

PLACENTA  and  numerous  CAMPYLOTROPOUS  ovules ;  seeds  with  peri- 
sperm  and  a  CURVED  embryo. 

The  Centrospermae  are  for  the  most  part  herbaceous,  rarely  woody 
plants  with  simple,  exstipulate  leaves.  The  flowers  are  either  incon- 
spicuous, white  or  highly  coloured,  according  to  the  method  of  pollina- 
tion. As  regards  their  structure,  the  flowers  of  the  diflferent  members 
of  this  order  may  be  arranged  in  an  ascending  series,  beginning  with 
the  simplest  forms,  resembling  those  of  the  Urticaceae  and  gradually 
advancing  to  the  more  highly  developed,  constructed  after  the  penta- 
cyclic,  pentamerous  type,  characteristic  of  the  Dicotyledons,  and  having 
a  perianth  diff'erentiated  into  calyx  and  corolla.  The  Centrospermae 

THUS  LINK  together  THE  APETALOUS  AND  COROLLATE  DICOTYLEDONS. 

The  unilocular  character  of  the  ovaries  in  most  members  of  this 
order  is  due,  no  doubt,  to  the  disappearance  of  the  dissepiments,  as 
in  some  cases  they  are  partly  retained  (Fig.  458). 

In  the  simplest  cases  the  flowers  consist  typically  of  three  whorls  (e.g.  Cheno- 
podiaceae)  ;  the  number  of  the  whorls  is  in  other  instances  increased  to  five  {e.g. 
most  Caryophyllaceae),  but  in  other  cases  it  is  reduced  again,  by  suppression,  to  three 
{e.g.  the  Caryophyllaceous  Paronychioideae).  At  the  end  of  the  series,  accordingly, 
flowers  occur  with  a  structure  apparently  similar  to  those  at  the  beginning  ;  but 
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in  the  reduced  flowers  one  may  often  distinguish  traces  of  the  sui)pressed 
which  are  not  in  any  way  represented  in  the  more  simple,  tricyclic  types. 


horl: 


Family  Chenopodiaeeae. — Flowers  usually  without  bkacteoles, 
Avith  a  single  calycoid  perigone  ;  androe- 

cium      HAPLOSTEMOXOUS,      EPIPETALOUS  ; 

ovary  two-  to  five-merous,  with  ONE 
OVULE.    Fruit  generally  a  nut  (Fig.  457). 

The  Chenopodiaeeae  are  herbs  and  small 
woody  plants,  with  scattered,  often  fleshy, 
leaves,  and  greenish  inflorescences  of  smal]. 
clustered  flowers.  The  flowers  are  often 
unisexual  in  consequence  of  suppression. 
The  nutlets  are  filled  with  a  mealy 
albumen. 


Fig.  457.— o,  Flower  of  Beta  vulgaris; 
h,  g}-noecium  of  Cherwpodium  multi- 
Jidum,  with  part  of  wall  of  ovary 
removed ;  c,  seed  of  Beta  vulgaris. 
(After  VoLCKENs  in  Xatiirl.  Pflon- 
zenfamilien,  magnified.) 


Chenopodiuni,  Goosefoot  or  Pigweed,  hermapli- 
rodite,  with  greenish,  and  after  flowering,  dry 
perianth  ;  Blitum,  with  succulent  perianth  when 
the  fruit  is  ripe  ;  Atriplex,  Orache,  monoecious, 
with  naked  female  flowers  ;  Beta,  Beet,  epigynous  ; 
Spinacia,  Spinach,  dioecious,  the  perianth  liarden- 
ing  during  the  ripening  of  the  fruit  and  adhering 
to  the  nut. 

Geographical  Disteibutiox. — The  Chenopodiaeeae  are  for  the  most  part 
saline  plants,  and  chiefly  occur  near  the  ocean  or  in  deserts  and  steppes.  In  such 
situations  they  are  usually  developed  as  succulent  and  not  infrequently  prickly 
herbs  or  woody  plants.  The  most  important  cultivated  species  of  this  family  are 
the  Spinach,  Spinacia  oleracca,  and  the  difl"erent  varieties  of  the  common  Beet, 
Beta  vulgaris,  of  which  the  most  important  is  the  Sugar-Beet,  B.  altissima.  Beta 
vulgaris  has  itself  probably  been  derived  by  culture  from  B.  raaritima,  growing 
wild  on  the  coast  of  the  Mediterranean. 

Officinal. — Beta  vulgaris  yields  cane-sugar,  Saccharum. 

Family  Amarantaceae. — Flowers  ^ 
with  two  large  bracteoles,  and  dry,  ^ 
often  highly  coloured,  perigone  ;  in 
other  respects  resembling  the  pre- 
ceding family. 

Geographical  Disteibutiox. 
— The  plants  of  this  order  are 
mostly  tropical ;  but  several  have 
found  their  way  northward,  growing 
as  weeds  and  resembling  the  Cheno- 
-podia^eae  in  habit. 


Fig.  4.5S.  —  Diagrams  of  the  Caryophyllaceac.  A, 
Viscaria,  lateral  walls  present  in  the  lower  part 
of  the  ovarj- ;  B,  Silene,  lateral  walls  absent.  (After 

ElCHLER.) 


Family  Caryophyllaeeae. 

— Flowers  with   calyx  and 
COROLLA,  the  latter  sometimes 
suppressed ;  andrcecium  diplostemoxous  or,  by  reduction,  haplo- 
stemonous.    Ovary  rarely  with  only  one  ovule,   more  frequently 
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WITH  NUMEROUS  OVULES.  Fruit  usually  a  capsule  (Figs.  458, 
460). 

The  Canjophyllaceae  are  herbs,  rarely  shrubs,  of  varied  appearance. 
They  have  opposite,  entire,  frequently  narrow  leaves  and  dichasial 
inflorescences.  The  flowers  in  some  genera  are  small  and  of  a  greenish 
colour,  but  are  usually  provided  with  a  white  or  brightly-coloured 
corolla,  and  are  frequently  large  and  conspicuous.  In  many  cases  all 
the  floral  whorls  are  pentaraerous,  but  commonly  the  gynoecium  is 
two-  to  three-merous.  The  capsules"  split  at  the  apex  into  valves  or 
teeth  (Fig.  459) ;  in  a  few  cases  the  fruit  is  a  nut  or  berry. 

Sub-Families  and  Repeesentative  Genera. — (1)  Alsimicleae :  calyx  poly- 


FiG.  459. — MclundrijmiL  album.    1,  Inflorescence  ;  2,  a  male  flower  ;  3,  a  female  flower  ;  4,  frnit ; 
;j,  seed.    (After  Wossidlo.) 

sepalous ;  petals  with  short  claws  ;  fruit  a  caj)sule.  Cerastium,  Chick-weed, 
flowers  entirely  peutamerous.  Spcrgula,  Si^urrey,  and  Stellaria,  Starwort  or  Stick- 
wort,  with  trinierous  ovaries  and  cleft  petals.  Arenaria,  Sandwort,  distinguished 
from  Stellaria  by  its  entire  petals.  (2)  Paronychioideac :  calyx  polysepalous  •; 
corolla  wanting  or  reduced  ;  ovary  with  one  ovule  ;  fruit  a  nut.  Scleranthus, 
Knawel ;  Herniaria.  (3)  Silcnoideac  :  calyx  gamosepalous  ;  petals  with  long  claws  ; 
fruit  a  capsule.  Lychnis,  Campion,  with  pentamerous  ovary  ;  Silene,  with  trimerous 
ovary  and  six-toothed  capsule.  Bianthus,  Pink,  with  trimerous  ovary  and  four- 
toothed  capsule.  The  flowers  of  this  group  often  have  ligular  appendages  to  the 
petals  at  the  throat  of  the  corolla. 

Geographical  Distribution. — The  CaryoiJhyllaccac  are  cosmopolitan  in 
their  geographical  range,  but  they  prefer  the  temperate  and  colder  zones,  where 
they  are  represented  by  numerous  species  growing  in  the  most  varied  situations. 
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Poisonous. — Agrostemma  {Lychnis)  Githago,  Corn-Cockle  (Fig.  460),  a  hairy 
Aveed,  reaching  a  height  of  80  cm.,  common  in  grain-fields,  with  narrow  leaves, 
violet  -  coloured  flowers,  and 
many-seeded  capsules.  The  seeds 
when  abundantly  mixed  with  the 
^rain  give  the  flour  toxic  pro- 
perties. Saponaria  officinalis, 
the  common  Soapwort  or  Boun- 
cing Bet,  a  stout  perennial  with 
clustered,  rose-coloured  flowers. 
The  saponin  contained  in  all 
parts  of  the  plant  renders  it 
somewhat  poisonous. 

The  following  less  important 
families  are  also  included  in  the 
order  Centrospermac. 

Nyctaginaceae.  — Perigone 
single,  often  corollaceous,  per- 
sistent after  flowering  and  invest- 
ing the  fruit.  Mostly  tropical 
plants.  Species  of  the  genus 
Mirahilis  belonging  to  this 
family  are  often  cultivated  in 
gardens. 

Aizoaceae. — Flowers  typically 
consisting  of  three  whorls  ; 
stamens  often  doubled  and  in 
part  petaloid ;  ovary  multi- 
locular.  Succulent  plants, 
chiefly  occurring  in  South  Africa. 
Many  species  of  Mcseriibryan- 
themum  are  cultivated  as  orna- 
mental plants. 

Phytolaccaccae. — A  represent- 
ative species  of  this  family  is  the  common  Pokeweed  or  Pigeon  Berry,  Phytolacca 
decandra,  of  North  America  ;  fruit  a  berry  with  strongly  purgative  properties. 

Portulacaceae. — Calyx  dimerous.  Succulent  herbs,  of  which  the  common 
Purslane,  Portulaca  oleracea,  is  a  familiar  example. 


Fig.  460. — Agrostemma  Githago  (g  iiat.  size).— Poisoyo us. 


Order  5.  Polyearpieae 

Flowers  hypogynous  or  perigynous,  hermaphrodite,  partly  or 
wholly  SPIRAL,  with  NUMEROUS  stamens  and  free  carpels  ;  seeds  with 
endosperm. 

This  order  comprises  herbs  and  woody  plants  of  very  different 
appearance,  their  relationship  being  only  revealed  by  the  structure  of 
the  flowers.  The  type  is  most  accurately  represented  in  such  forms  as 
have  at  least  an  acyclic  androecium  and  gynoecium,  with  numerous 
stamens  and  carpels  inserted  on  a  convex  axis  (Fig.  461).  Flowers 
constructed  in  this  manner  are  the  rule  in  the  Ranunculaceae^  Magnoliaceae, 
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and  Anonaceae.  These  three  large  families  form  a  central  group 
about  which  the  families  with  flowers  less  typically  developed  may 
be  arranged.  The  most  uniform  characteristic  of  the  whole  order  is 
the  apocarpous  gyno^cium,  although  in  the  Nympliaeaceae,  in  some 
Ranunculaceae,  and  also  in  the  Lauraceae,  the  systematic  position  of 
which  is  somewhat  uncertain,  the  carpels  are  more  or  less  united. 
The  convex  flower-axis,  the  spiral  arrangement  of  the  parts,  the 
numerous  stamens,  are  usual,  if  less  constant,  characteristics  of  this 
order.  There  are  included  in  the  Polycarpicae,  as  is  frequently  the 
case  in  other  orders,  isolated  groups  which  do  not  exhibit  a  single  one 
of  the  distinctive  characteristics  of  the  order,  but  which,  nevertheless, 
show  such  marked  affinity  to  other  undoubtedly  typical  groups,  that 
they  must  be  regarded  as  belonging  to  the  same  general  alliance. 

The  order  in  -winch  the  different  families  are  named  is  not  intended  to  be  in- 
dicative of  their  relative  position  with  regard  to  each  other,  in  an  ascending 
series.    Linked  to  the  Banunculaccae,  on  the  one  side,  are  the  Xymj)haeaceae 


Fig.  461.— Flower  of  Bojuinculns  scelero.tus  ;  b,  the  same,  cut  through  longitudinally;  magnified. 

(After  Baillox.) 

and  Ceratophyllaceae,  and  on  the  other  the  MacjnoUaceac  and  allied  families  ;  while 
the  Berheridaceae,  Ifenispermaceae,  and  perhaps  also  the  Lauraceae,  form  a  separate 
subordinate  alliance  within  the  order. 

Family  Ranuneulaeeae. — Flowers  hypogynous,  usually  actino- 
morphic ;  very  rarely  cyclic,  usually  ACYCLIC  throughout  or  so  at  least 
in  the  androecium  and  gynoecium ;  perianth  single  or  double,  in  the 
last  case  frequently  with  corollaceous  calyx  and  petals  abnormally 
developed,  most  commonly  as  nectaries  ;  stamens  indefinite,  usually 
NUMEROUS  j  pollen-grains  with  two  to  three  pores  ;  carpels  in 
INDEFINITE,  OFTEN  LARGE,  NUMBERS,  usually  FREE;  seeds  with  albumen. 
Herbs,  rarely  woody  plants,  with  alternate  leaves  without  oil-glands 
(Figs.  461-470). 

Most  Ranuneulaeeae  are  medium-sized  herbs,  frequently  with  a 
radical  rosette  of  deeply-lobed  leaves  and  sparingly-leaved  fertile  shoots. 
The  flowers  are  usually  conspicuous,  often  solitary,  and  then  terminal 
or  axillary,  or  sometimes  aggregated,  in  loose,  and  more  rarely  compact, 
racemose  or  cymose  inflorescences.  Insect-pollination  is  universal,  and 
has  produced  corresponding  adaptations  to  it  in  the  flowers,  such  as 
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the  bright  colour  of  the  perianth,  or  when  it  is  reduced  as  in  the 
species  of  Thalidrvm,  of  the  androecium,  and  the  development  of 
nectaries  (Fig.  462).     The  nec- 


taries are  developed  either  as  small 
depressions  at  the  base  of  the 
petals  (Fiammculus),  or  the  whole 
petal  is  transformed  into  a  cup- 
shaped  nectary  (Helleborus,  Aconi- 
tnm). 

According  to  views  at  one  time 
largely  held,  such  "honey-leaves"  and 
also  the  petals  of  Ranunculus  were  re- 
garded as  staminodia. 

The  carpels  of  the  Ranuncu- 
laceae  are  converted  at  matu- 
rity into  capsules  (Helleborus, 
Aconitum,  Fig.  463),  or  as  in 
Banunculus  (Fig.  464)  and  Anemone,  into  nutlets  or  achenes,  frequently 
having  long,  feathery  appendages  (Clematis,  Pulsatilla,  Fig.  470),  or, 
less  frequently,  into  berries  (Adaea,  Hydrastis). 

Representative  Genera. — With  Capsules  :  Nigella,  carpels  syncarpous  ; 
Paconia,  Caltha,  with  corollaceous  calyx  and  no  corolla  ;  Aquilcgia  (Columbine), 
flowers  cyclic,  with  spurred  petals  ;  Aconitum  (see  under  Poisonous)  ;  Delphinium 
(Larkspur),  flowers  zygomorphic,  one  sepal  with  long  spur.  With  Nutlets  : 
Ranunculus  (Crowfoot,  Buttercup),  with  green  calyx  and  usually  with  yellow 


Fig.  462.— 1,  Flower  of  Aconitum  Napellus ;  2, 
nectaries,  androecium  and  gynoecium  of  the 
same.    (After  Wos.sidlo.) 


Fig.  463. — Aconitum  Na/pell us.    a,  Fruit 
(nat.  size) ;  6,  seed  ( x  2). 


Fig.  464.— f(,  Apocarpous  fruit  of  Ranunculus 
acer  (x  2^);  b,  a  carpel;  c,  the  .same  iu 
longitudinal  section  (h,  c,  x  4). 


corolla,  petals  with  nectaries  ;  Adonis,  Anemone,  with  single  corollaceous  perigone  ; 
Thalictrum  (Meadow^-Rue),  with  small,  greenish  perigone  and  long  stamens  ; 
Clematis,  climbing  plants  with  opposite  leaves,  flowers  with  single,  corollaceous 
perigone. 

Geographical  Distribution. — The  Ranunculaceae  are  represented  chiefly  in 
the  North  Temperate  Zone.  Many  are  favourite  ornamental  plants,  especially 
diff"erent  species  ofPaeonia,  Clematis,  Aquilegia,  KigcUa,  Adonis,  and  the  Christmas- 
Rose,  HcUchorus  niger. 


Fig.  4i}G.  —Caltha  pa.liistris.—Poisoyovs. 


Fig.  AQ^.—Acordtiim  Najxllus     nat.  size).— Po/A'O.vors  and 
Officixal. 
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Fig.  im.—Ikumnculus  sceleratus  (|  nat.  size.)—  Fig.  470.— Anemone  Pulsatilla     nat.  size.)— 

PoisoNoun.  Poisonous. 

All  the  species  of  Aconitum,  in  particular  A.  Najjellus  and  A.  Lycodonum. 
The  former  (Fig.  468)  is  a  perennial  plant  with  tubers,  one  of  which  dies  in  the 
autumn,  while  the  other,  as  in  the  Orchidaceae,  gives  rise  to  a  new  plant  in  the 
succeeding  spring.  Tlie  leaves  are  palmately  divided,  dark  green  on  the  upper  surface, 
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and,  like  the  whole  plant,  they  are  entirely  devoid  of  hairs.  The  flowers  are  clustered 
in  simple  or  sparingly  branched,  terminal  racemes,  and  are  distinctly  zygomorphic 
(Fig.  462).  One  of  the  five  dark  violet  sepals  is  helmet-shaped  ;  two  of  the  petals 
are  transformed  into  hood-shaped  nectaries  raised  on  long  claws,  while  the  others 
are  reduced  to  filamentous  rudiments  ;  the  numerous  stamens  surround  three 
apocarpous  carpels,  each  of  which  jiroduces  a  follicle  at  maturity.  Aconitum 
Lycoctomtm  (Fig.  467)  has  smaller  yellow  flowers,  and,  instead  of  tubers,  a  slender 
rhizome.  A.  mrmjatum  and  A.  S'toercJceanum,  allied  to  A.  KajKllus,  are  also 
extremely  poisonous. 

All  the  species  of  Eaniinculus  are  also  more  or  less  poisonous.  R.  sceleratus, 
Celery-leaved  Crowfoot,  probably  one  of  the  most  noxious  species,  is  a  glabrous  herb 
with  three-lobed,  somewhat  fleshy  leaves  and  small  light  yellow  flowers  (Fig.  469). 
The  Tall  Crowfoot  or  Buttercup,  E.  acris,  is  the  frequent  cause  of  poisoning  in  cattle. 
It  lias  a  hairy  stem,  palmately  divided  leaves  and  bright  yellow  flowers.  The  Marsh 
Marigold,  CaJtlta  ixdustris  (Fig.  466),  though  less  poisonous,  is  a  source  of  danger 
to  children  on  account  of  its  frequency  and  attractive  flowers.  HcUchorus  foetidus, 
Bear's  Foot  (Fig.  465),  a  large  glabrous  perennial,  has  palmately  divided  leaves  and 
3'ellowish  green,  somewhat  bell-shaped,  flowers  with  numerous  stamens  and  few 
carpels.  The  perianth  consists  of  a  large-leaved  calj'x  and  conical  honey-leaves  ; 
the  carpels  Avhen  ripe  become  follicles.  Both  the  Green  Hellebore,  H.  viridis,  and 
the  Christmas-Rose  or  Black  Hellebore,  H.  nigcr  (Avith  reddish  white  flowers),  are 
also  poisonous.  Species  Adonis  {e.g.  A.  vcrnalis),  Anemone  (in  particular  A. 
nemorosa,  and  even  more  so  A.  Puhatilla,  Fig.  470),  Clematis  and  Delphinium 
(especially  D.  Staphysayria)  are  also  poisonous,  but  in  a  less  degree. 

Officinal. — The  tubers  of  Aconitu  m  Xapellus,  also  the  root  and  rhizome  of  the 
Orange  Root,  Hydrastis  canadensis  (North  America),  are  officinal. 

Family  Nymphaeaeeae. — Flowers  hermaphrodite,  hypogynoiis  or 
epigj^nous,  actinomorphic,  with  calyx  and  corolla,  cyclic,  or  exclusive 
of  the  perianth,  ACYCLIC ;  androecium  and  gyn- 
oecium  usually  polymerous  ;  carpels  apocarpous 
or  syncarpous.    Water-plants,  USUALLY  ^VITH 

LARGE  FLOATING  LEAYES  (FigS.  471,  472). 

In  the  fruits  and  flowers  of  this  family  but  little  uni- 
formity is  exhibited.  Some  forms  closely  resemble  the 
Ranunculaccae,  while  others  {Nympliaea,  Victoria )  diff'er 
essentially  from  them  and  represent  a  much  higher  stage 
of  development.  Some  species  are  very  similar  to  the 
Papaxcraeeac  in  the  structure  of  their  fruit,  and  some, 
again,  shoAv  a  great  similarity  to  other  families,  so  that  the 
Nymphaeaeeae  must  be  regarded  as  forming  a  transitional  group  connected  in  man}' 
respects  with  other  orders. 

Familiar  examples  of  this  familj'  are  afl"orded  by  the  Yellow  Pond-Lil}',  Xuphar 
(hypogynous,  with  five  sepals),  and  the  Water-Lily,  Nymphaea  (epigynous,  with  four 
sepals.  Fig.  472)  ;  both  have  multilocular  ovaries  and  spongy  berry-like  fruits 
(Fig.  472,  4).  No  definite  line  of  demarcation  can  be  drawn  between  petals  and 
stamens,  as  the  petals  pass  into  the  stamens  by  a  gradual  transition  (Fig.  472,  3). 

Geographical  Distkibutiox. — The  Nymphaeaeeae  inhabit  chiefly  the  Tropics. 
To  this  familj^  belong  the  Sacred  Lotus,  Nehiriibium  speciosum,  and  Victoria  rcgia 
from  the  Amazon,  noted  on  account  of  the  enormous  size  of  its  leaves  and  the 
beauty  of  its  flowers. 


Fig.  ■i7l.—Xi/inph(ir(i. 
Floral  diagram. 
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Family  Ceratophyllaceae. — Flowers  small  and  greenish,  with  polymerous  peri- 
gone,  numerous  stamens  inserted  upon  a  convex  receptacle,  and  one  carpel.  A 


Fig.  ■i7-2.—X)jyaphaea  alba.    1,  Flower;  2,  flower- bud,  cut  through  lougitudinally ;  3,  successive 
stages  ill  the  transition  from  petals  to  stamens  ;  4,  fruit.    (After  Wossidlo.) 


small  family  of  submerged  water-plants  {e.<j.  the  Hornwort,  Ceratophyllum  de- 
mersum),  allied  to  the  yymiihaeaceae. 

Family  Magnoliaceae.  —  Flowers  as  in  the  lianiDiculaceae,  but  the 
pollen-grains  have  only  one  germ-PORE.  Woody  plants  with  oil- 
cells. 

The  Magnoliaceae  are  forest  trees  of  the  tropical  and  temperate  zones  of  Asia 
and  America,  usually  bearing  large  and  beautiful  flowers.  Several  species  are 
cultivated  as  ornamental  trees  {Magnolia,  Liriodendron). 

The  fruit  of  Illidum  religiosum,  indigenous  to  Japan,  is  poisonous,  and  also 
that  of  /.  anisatum,  the  Star  Anise,  native  of  China. 

The  Magnoliaceae  are  closely  related  to  the  Anonaceae,  a  large  and  purely 
tropical  family,  characterised  especially  by  a  ruminated  endosperm  ;  they  are  also 
allied  to  the  Calycanthaceae  (North  America,  North  Asia)  and  Monimiaceae 
(Southern  Tropical  Zone).  Perigynous  flowers  are  the  distinguishing  characteristic 
of  the  two  last-named  families. 

Family  Mjrristicaceae.  —  Flowers  dicecious,  cyclic;  perianth  simple,  gamo- 
phyllous ;  stamens  txited  ;  ovary  monomerous,  with  one  ovule  ;  fruit  resembling 
a  berry,  but  dehiscing  at  maturity  ;  seeds  with  branched  aril  (mace)  and 
ruminated  endosperm  (Fig.  473).  Tropical  forest  trees  of  the  Old  and  New  "Worlds, 
characterised  by  the  occurrence  of  oil-cells. 

Officinal. — The  seed  freed  from  its  outer  integument  (Semen  Myeisticae),  and 
also  the  aril  (Mace  ;  Ol.  Macidis)  of  the  Nutmeg,  3fyristica  fragrans,  are  oflicinal. 
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Family  Menispermaceae.— Flowers  hypogynons,  dicecious,  cyclic,  consistiug 

throughout    of  thimerous 
^  WHORLS  ;  perianth  of  more 

THAN  TWO  WHORLS.  ThREE 

FREE  CARPELS.  Climbing 
tropical  plants. 

Officixal.  —  Jatcorhiza 
Calumba  affords  Radix 
Calvmbae. 

Family  Berberidaceae. — 
Flowers  hermaphrodite, 
with  one  carpel,  otherwise 
as  in  the  preceding  family  ; 
anthers  usually  dehiscing  by 
valves.  Herbs  and  Avoody 
plants. 

A  familiar  representative 
of  this  small  family  is  the 
Barberry,   Berheris  vulgaris 
(Fig.  474).    Species  of  Ma- 
honia  and  Epimedium  are  cultivated  as  garden  plants. 

Officinal. — Podophyllum  ijeltatum,  Mandrake  (N.  America),  yields  Rhizoma 
Podophylli. 

Family  Lauraeeae. — Flowers  perigynous,  cyclic,  consisting 


Fig.  473.  -a,  Fruit  of  Mynstica  moschata  after  removal  of  the 
front  valve  ;  /,  pericarp  ;  g,  aril ;  h,  seed  ;  i,  chalaza  (§  nat. 
size) ;  b,  seed,  cut  through  longitudinally  ;  g,  aril ;  h,  outer 
integument,  interrupted  at  r  by  the  raphe  ;  m,  albumen  ; 
n,  embrj-o  (nat.  size). —Oinciy a L.  (After  Berg  and 
Schmidt.) 


Fig.  474. — Berheris  vulgaris.  1,  Flowering  branch ;  2,  a 
flower  cut  through  longitudinally  ;  3,  a  petal ;  4,  a  stamen 
with  valves  of  anther  open  ;  5,  the  same  with  valves 
closed  ;  6,  fruit.    (After  Wossidlo.) 


Fig.  475. — Flower  of  Cinnamomnm 
zeylanicum,  cut  through  longi- 
tudinally, o,  Eeceptacle  ;  b, 
outer,  and  c,  inner  leaves  of 
perigone ;  d-g,  stamens ;  i, 
pistil ;  7i,  oxTile.  (After  Berg 
and  Schmidt,  magnified.) 


throughout  usually  of  trimerous  whorls ;  perianth  calycoid,  small ; 
stamens  generally  in  four  Y'horls  ;  anthers  with  yalyes  ;  gyn- 
oecium  syxcarpous  ;  ovary  unilocular,  with  a  single  suspended  ovule ; 
seeds  without  albumen.    Aromatic,  woody  plants  (Fig.  475). 
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The  majority  of  Lauraceae  are  trees  with  elliptical,  entire  leaves 
and  small  inconspicuous  flowers  aggregated  in  heads  or  panicles. 
The  fruit  is  a  berry  or  drupe,  and  is  often  surrounded  at  the  base  by 
the  persistent  receptacle.  All  parts  of  the  plant  contain,  as  a  rule, 
ethereal  oil  accumulated  in  special  cells. 

Geographical  Distribution. — To  the  Lauraceae  belong  many  of  the  most  im- 
portant trees  of  the  warmer  countries  of  both  hemispheres  ;  the  order  is  almost  wholly 
unrepresented  in  the  Temperate  Zone.  Europe  possesses  but  one  species,  Laurus 
nuhilis,  Sweet  Bay  (Mediterranean),  a  small  evergreen  tree  with  white  flowers 
clustered  in  axillary,  capitate  inflorescences.  The  flowers,  w^hich  are  dimerous,  and 
have  bilocular  anthers,  produce  a  drupaceous  fruit.  The  only  herbaceous  genus  is 
Cassytha,  a  widely  distributed  tropical  group  of  parasites,  resembling  the  Dodder 
in  appearance  and  habit. 

Officinal. — The  fruit,  Fructus  Lauri,  Laurus  noMUs  ;  the  bark  and  wood. 
Sassafras,  of  Sassafras  officinale  (a  dioecious,  deciduous  tree  of  North  America)  ; 
the  gum,  Camphora,  obtained  from  Cinnamomum  Camphora  (an  evergreen  tree, 
native  of  China  and  Japan)  ;  the  bark.  Cortex  Cinnamomi,  of  Cinnamomum  Cassia 
(a  shrub  of  Southern  China),  and  of  the  Cinnamon-tree,  Cinnamomum  zeylanicum 
(Ceylon).    The  latter  is  no  longer  oflicinal  in  Germany. 

Order  6.  Rhoeadinae 

Flowers  hypogynous,  hermaphrodite,  predominantly  dimerous. 
Perianth  consisting  of  three  two-  or  four-merous  whorls ;  androecium 
of  two  two-merous  whorls;  gynoecium  dimerous,  syncarpous;  ovary 
UNILOCULAR,  with  PARIETAL  PLACENTA.  Herbs  with  alternate,  simple 
leaves  without  stipules. 

The  RliGeadinae  constitute  in  themselves  a  natural,  sharply  defined 
order,  and  apart  from  the  slight  resemblance  displayed  in  some 
instances  to  the  Nymphaeaceae  they  exhibit  no  marked  affinity  to  other 
groups.  The  type  of  the  order  is  best  represented  by  the  genus 
Hypecoum,  in  which  the  flowers  are  constructed  throughout  of  simple 
dimerous  whorls.  In  the  largest  families  of  the  order,  the  Cruciferae 
and  Capparidaceae,  the  corolla  is  tetramerous,  alternating  with  the  two 
decussate  whorls  of  the  calyx.  It  is  often  assumed,  but  without 
confirmatory  evidence,  that  in  such  cases  the  four  petals  are  derived  by 
duplication  from  a  dimerous  corolla.  The  greatest  variation  is  shown 
by  the  androecium,  which,  in  consequence  of  the  multiplication  of  its 
members,  or  more  rarely  of  the  whorls,  frequently  consists  of  more 
than  four  stamens.  Even  in  such  cases  the  derivation  from  the 
typical  structure  is  generally  recognisable.  In  the  Capparidaceae,  the 
successive  processes  in  the  evolution  of  the  androecium  are  particularl}^ 
apparent ;  in  this  family,  all  transitions  occur  from  a  2  +  2-merous 
androecium  to  one  that  has  become  polymerous  by  repeated  splitting ; 
a  reduction  of  the  androecium  to  one  whorl  is  also  exhibited  by  some 
members  of  the  family.    The  gynoecium  usually  remains  dimerous ; 
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Fig.  476. — Cruciferae.  Floral 
diagram  (Brassico). 


a  multiplication  of  its  carpels  has  taken  place  only  in  a  few  cases 
(Fapaver). 

Family  Cruciferae. — Flowers  actinomorphic  ;  calyx  of  t\yo 
TWO-MEliOUS  WHORLS  ;  corolla  TETRAMEROUS  ;  androecium  consisting  of 

AN  OUTER  WHORL  OF  TWO  SHORT  STAMENS 
AND  AN  INNER  OF  FOUR  LONG  STAMENS  DIS- 
POSED IN  PAIRS  ;  gynoecium  always  dimer- 
ous ;  ovary  DIVIDED  BY  FALSE  DISSEPIMENTS 
INTO  TWO  LOCULI.  Fruit  rarely  indehiscent, 
usually  a  capsule ;  SEEDS  without  endo- 
sperm ;  embryo  curved  (Figs.  476-479). 

The  Cruciferae  are  glabrous  or  hispid  herbs 
(rarely  small  shrubs)  with  entire,  tootlied  or 
lobed  leaves.  The  white  or  yellow  flowers, 
rarely  red  or  violet,  are  generally  small  and 
aggregated  into  racemes,  usually  without  bracts  and  bracteoles.  The 
flowers  of  the  inflorescences  develop  so  gradually  in  acropetal  succes- 
sion, that  frequently  the  ripe  fruit  is  already  produced  at  the  base  of 
the  raceme  Avhile  the  apex  of  the  axis  with  its  undeveloped  buds  is 
still  in  process  of  elongation  (e.g.  Capsella  bursa  pastoris).  Although 
the  colour  of  the  petals,  and  also  the  nectaries  at  the  base  of  the 
stamens,  undoubtedly  represent  an  attractive  apparatus  for  insects,  self- 
pollination  is  of  frequent 
occurrence  in  this  order. 
The  capsules  are  either 
much  longer  than  broad, 
and  are  then  distinguished 
as  SILIQU^,  or  they  have 
the  form  of  short  and 
broad  SILICUL^  (Fig.  478). 
Indehiscent  fruits  (Fig.  479) 
occur  less  frequently. 
They  are  often  lomentace- 
ous  in  character  and  sep- 
tated  transversely  by  false 
partition  -  walls,  breaking 
when  ripe  into  a  corre- 
sponding number  of  seg- 
ments. A  fruit  of  this 
nature  is  termed  a  jointed 
SILIQUA.  Tlie  two  forms 
of  fruit,  dehiscent  and  in- 
dehiscent, do  not  diff"er  essentially  in  structure  :  both  are  sometimes 
borne  by  the  same  plant.  Many  Cruciferae  contain  a  pungent,  nitro- 
genous or  sulphurous  ethereal  oil,  which  exists  in  an  uncombined  state 
in  the  vegetative  organs  (e.g.  Horse-l\'adish),  but  in  the  seeds  (e.g. 


7. 


Fig.  477. — Eaphaiuis  soMvus.  «,  Ilower  (iiat  size) ;  b,  petal ; 
c,  androeciiun  and  gynoecium  (x  2);  d,  pistil  with  disc- 
glands ( X  2) ;  e,  fruit  (nat.  size) ;  /,  transverse  section  of 
fruit ;  g  and  h,  embrj-o.  (Magnified.) 
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Fig.  478.— Fruit  of  a  SiKaiZosa 
angustisepta  (Thlaspi  ar- 
vense).    (After  Wossidlo.) 


Mustard  seeds)  it  is  combined,  occurring  in  combination  with  other 
substances,  from  which  it  is  freed  in  the  presence  of  water. 

The  division  of  the  Cruciferae  into  sub-families  presents  great  difficulties. 
The  old  classification  proposed  by  LiNNiEUS  is  now 
regarded  as  too  artificial.  According  to  the  nature  of  the 
fruit,  Linnaeus  first  distinguished  the  two  groups  Sili- 
quosae  and  Siliculosae :  these  he  further  divided  into 
Siliquosae  nucamentaceae,  with  jointed  siliqupe,  and 
Siliculosae  nucamentaceae,  Avith  indehiscent  fruits.  The 
Siliculosae  dehiscentes  were  afterwards  divided  by  A.  P. 
DE  Candolle  into  >S^.  latiseptae,  with  broad,  and  S. 
angustiseptae,  with  narrow  dissepiments. 

Another  classification  frequently  employed  at  the 
present  time  is  that  of  DE  Candolle  based  on  the 
position  assumed  by  the  embryo  within  the  seeds — (1) 
Notorhizeae :  cotyledons  flat,  with  the  radicle  lying  on 
the  surface  of  one  of  them  ;  diagram,  Q  ||.  (2)  Orthop- 
loceae  :  cotyledons  folded,  the  radicle  lying  in  the  groove 
of  one  of  them  ;  diagram,  Q  ».  (3)  Pleurorldzeae  : 
radicle  lateral  to  the  two  cotyledons  ;  diagram,  Q  =• 
(4)  Spirolobeae :  cotyledons  spirally  rolled  ;  diagram, 

Q  II II.  (5)  Diplecoloheae  :  cotyledons  doubly  folded  ;  diagram,  Q  II II H II-  Pkantl 
has  lately  adopted  a  more  natural  classification,  in  which  difi'erent  organs  (stigma, 
nectaries,  dissepiments,  hairs)  are  taken  into  consideration.  The  old  classifica- 
tion of  LiNN^us  and  de  Candolle  has  been  used  on  account  of  its  greater 
convenience. 

Representative  Genera, — (1)  Siliquosae  dehiscentes:  Cardamine  (Bitter 
Cress),  with  elastic  valves  ;  Arabis  (Rock  Cress)  ;  Barharca  (Winter  Cress)  ;  Nas- 
turtium, in  some  cases  with  short  siliquse  ;  Cheiranthus  (Wall-flower)  ;  Matthiola 
(Stock)  ;  Sisymbrium  (Hedge-Mustard)  ;  Erysimum  (Treacle-Mustard)  ;  Brassica  ; 
Sinapis  (Mustard),  (2)  Siliquosae  lomentaceae :  Crambe  (Kale),  Cakile  (Sea  Rocket), 
both  strand  plants  ;  Raphanus,  the  siliqua  of  the  Garden  Radish,  R.  sativus,  is 
spongy,  not  dividing  into  segments  when  ripe  (Fig,  477). 

(3)  Siliculosae  dehiscentes  latiseptae :  Cochlearia ;  Draba 
(Whitlow  Grass),  siliculse  lanceolate,  somewhat  com- 
pressed;  Alyssum ;  Lunaria  (Honesty),  siliculse  very 
broad  and  flat,  with  long  stalks  ;  Camelina  (False  Flax).. 

(4)  Siliculosae  dehiscentes  angustiseptae  :  Tldaspi  (Penny 
Cress),  siliculpe  flat,  circular  or  cordate  ;  Iberis  (Candy- 
tuft), the  racemes  are  corymbose,  with  marginal  flowers 
slightly  zygomorphic ;  Capsella  (Shepherd's  Purse), 
siliculse  triangular ;  Lepidium  (Pepperwort).  (5)  Silicu- 
losae nucamentaceae:  Isatis  (Woad). 

Geographical  Distribution, — The  Cruciferae  are 
chiefly  found  in  the  Nerth  Temperate  Zone,  growing  in 
the  most  varied  situations.  Cultivated  species  of 
this  order  are  :  Brassica  oleracea,  the  Cabbage,  in  numer- 
ous varieties  ;  the  primitive  form  grows  wild  along  the  coast  of  Western  Europe  ; 
Brassica  Napus  var,  oleifera.  Rape  ;  var.  Napobrassica,  Turnip  Cabbage  ;  Brassica 
Rapa,  Turnip ;  var,  oleifera.  Colza ;  B.  nigra.  Black  Mustard  ;  Sinapis  alba, 
White  Mustard  ;  Lepidium  sativum,  Garden  Cress  ;.  Nasturtium  officinale.  Water 


Fig,  479.— 1,  Fruit  of  a  Sili- 
culosa  lomentacea  (Neslia 
paniculata) ;  2,  the  same  in 
median,  longitudinal  sec- 
tion.   (After  Wossidlo.) 
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Cress  :  Cochlearia  Armoracia, 


dimerous 


Horse-Radish  ;  Haphanus  sativus.  Garden  Radisli  ; 

Camelina  sativa,  Oil-seed  or  False  Flax. 

Officinal.  —  Brassica  nigra,  the 
Black  Mustard,  yields  Semen 
SiXAPis.  Herba  Cochleariae  is  ob- 
tained from  the  herbaceous  parts  of 
Cocltlearia  officinalis,  Scurvy  Grass, 
a  glabrous  herb  growing  wild  on  the 
sea-coast,  bearing  white  flowers  and 
globose  siliculpe. 

Family  Capparidaceae.  —  Flowers 
usually  zygomorphic  ;  perianth  as  in 
the  Crucifcrae  ;  androecium  4  -  co  ; 
gyncecium  2  -  oo  ;  ovary  stalked  ; 
SEEDS  WITHOUT  ENDOSPERM.  Herbs 
and  shrubs  of  the  warmer  zones. 
The  flower-buds  of  Capparis  sjmiosa,  a 
Mediterranean  shrub,  are  familiar  as 
capers  (Fig.  480). 


Family     Fumariaeeae. — 

Flowers  transversely  zygomor- 
phic ;  calyx  dimerous ;  corolla  of 
TWO  dimerous  WHORLS;  androe- 
cium  usually  consisting  of  TWO 
TRIPARTITE  STAMENS;  gyncecium 
seeds  with  ENDOSPERM  (Fig.  481). 


Fio.  480. — Cap-paris  sinnosa.  1,  Flowering  branch 
2,  fruit ;  3,  the  same  in  transverse  section 
(After  WossiDLO.) 


this  family  are  glabrous,  often  glaucous 


The  plants  included  in 
herbs  with  divided  leaves.  The  flowers  are  disposed  in  racemose 
inflorescences  Avith  both  subtending  bracts 
and  bracteoles,  or  in  some  cases  with  bracts 
only.  One  of  the  two  outer  petals  and 
sometimes  both  are  prolonged  into  a  spur 
(e.g.  Fumaria,  Corydalis).  The  andrcecium 
of  Hypecoum  consists  of  2  2  stamens.  The 
other  genera  have  two  tripartite  stamens 
inserted  opposite  the  outer  petals  ;  the  central 
filament  of  each  group  bears  a  perfect  anther, 
the  two  lateral  filaments  only  half  an  anther 
each  (Fig.  481,  h).  The  modification  from 
the  normal  type  exhibited  in  such  andrcecia 
is  due  to  splitting  and  displacement  of  the 
stamens.  The  two  lateral-  filaments,  with 
their  bilocular  anthers,  represent  distinct 
halves  of  the  inner  stamens,  that  have  be- 
come adherent  to  the  stamens  of  the  outer 
whorl. 


FiPx.  481.  —  Corydalis  mirea.  a, 
Part  of  axis  of  raceme  Avith  a 
flower ;  h,  style  and  stamens. 
(X  2.) 


The  majority  of  this  small  family  are  natives  of  the  North  Temperate  Zone. 
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Dicentra  spectabilis,  Avith  a  two  -  spurred  corolla,  is  a  well  -  known  ornauaental 
plant. 

Family  Papaveraeeae. — Flowers  actinomorphic  ;  calyx  dimerous; 

COROLLA  CONSISTING  OF  TWO  DIMEROUS  WHORLS  :  androecium  POLY- 
MEROUS  ;  pistil  TWO-  TO  SIXTEEN-MEROUS  ;   SEEDS  WITH  ENDOSPERM. 

Herbaceous  plants  with  stiff  hairs  and  latex  vessels  containing  a 
white,  more  rarely  a  yellow,  orange  or  red  latex. 

The  flowers  are  usually  large  and  beautifully  coloured,  either 


Fig.  482.— Eschscholtziacalifornica.  a,  Flower ;  h,  Fig.  4S3.—PcqMver  somniferum  Q  nat.  size), 
fruit  before,  and  c,  after  dehiscence.  (Xat.  size.)  —Poisoyocs  smd  Officixal. 


solitary  or  clustered.  The  fruit  is  always  a  many-seeded  capsule, 
sometimes  resembling  the  pods  of  the  Cruciferae,  but  without  false 
dissepiments  (Fig.  482). 

As  examples  of  this  family  may  be  cited  Chelidonium  (Celandine),  with  orange- 
coloured  latex  and  siliquose  fruit ;  Papaver  (Poppy),  with  white  latex.  In  this 
last-named  genus  the  fruit  is  an  incompletely  septated,  polymerous  capsule, 
opening  at  maturity  by  valves  just  below  the  rayed  stigma. 
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Geographical  Distribftiox.  —  The  Papaveraceae  constitute  a  small  family 
restricted  almost  entirely  to  the  Xortli  Temperate  Zone. 

Poisonous. — Papaver  somni/erum  {0-pivim.  Poppy)  contains  in  all  its  organs 
a  poisonous,  milky  latex.  It  is  an  annual  herb  with  glabrous,  somewhat  glaucous 
stems  and  leaves,  and  is  cultivated  for  the  sake  of  the  oil  accumulated  in  the 
seeds,  also  for  the  latex  obtained  from  the  unripe  capsules ;  the  latex,  on 
hardening,  constitutes  opium.  The  leaves  are  sessile,  irregularly  incised  and 
toothed.  The  flowers  are  solitary,  borne  upon  a  long  stalk  with  bristly  hairs 
(Fig.  483).  They  are  nodding  while  in  the  bud,  but  become  afterwards  erect ; 
they  have  a  fugacious  calyx  and  white  or  violet  petals  with  crumpled  sestivation. 
The  fruit  is  a  broad  capsule  more  than  6  cm.  in  length,  enclosing  numerous 
reniform  seeds  of  a  white  or  violet  colour.  Other  species  of  Papaveraceae  are 
also  toxic,  but  in  a  less  degree. 

Officixal. — Papavcr  somniferum,  yielding  Fructus  Papaveris  immaturi, 
Semex  Papaveris,  and  Opium. 

Family  Resedaceae.— Flowers  zygomorphic,  perianth  consisting  of  two-  to  eight- 
merous  whorls  ;  petals  deeply  fringed.  Sexual  organs  usually  borxe  upox  a 
GYXOPHORE  ;  stamens  three  to  forty  ;  carpels  two  to  six,  free  or  uxited,  forming 
a  unilocular  ovary  opex  at  the  apex.  Herbaceous  or  shrubby  plants,  chiefly 
Mediterranean,  with  small  flowers,  e.g.  Reseda  luteola  (Dyer's  SVeed),  R.  lutea 
(Base  Rocket),  R.  odorata  (Mignonette). 

There  is  considerable  uncertainty  as  regards  the  systematic  position  of  the 
plants  included  in  the  family  Resedaceae  ;  they  are  considered  to  be  allied  to  the 
Capparidacea  e . 

Order  7.  Cistiflorae 

Flowers  hypogynous,  generally  actinomorphic  and  hermaphrodite. 
Calyx  imbricated  in  the  bud  ;  the  whorl  of  the  perianth  and  androecium 
typically  pentamerous,  but  the  androecium  often  polymerous  by  the 
division  of  the  stamens ;  gynoecium  usually  three-  to  five-merous,  and 
s3mcarpous  ;  OVARY  unilocular,  with  parietal  placent83,  less  frequently 
multilocular ;  ovules  for  the  most  part  anatropous ;  embrj'o  usually 
straight. 

The  Cistiflorae  form  a  somewhat  artificial  order ;  they  comprise 
families  which,  in  most  cases,  have  been  previously  assigned  to  different 
systematic  positions.  The  flowers  exhibit  the  regular  Dicotyledonous 
type  or  a  modification  of  it,  resulting  from  the  diA'ision  or  suppression 
of  some  of  their  parts,  but  without  at  the  same  time  showing  any  uni- 
formly occurring  characteristics  of  general  significance.  There  is  more- 
over in  this  order  no  predominant  type  about  which  the  less  distinctive 
forms  may  be  grouped.  Many  of  the  Cistiflorae  show  an  affinity  to  the 
Besedaceae,  and  through  them  to  the  Rhoeadinae ;  others,  in  particular 
the  Ternstroemiaceae,  to  the  Cohimiiiferae :  and  some  are  allied  to  the 
Passiflorinae. 

Family  Cistaeeae.  —  Flowers  actinomorphic,  with  numerous 
STAMENS ;  gyno3cium  three-  to  five-merous  ;  ovary  usually  unilocular, 
with  parietal  placentae ;  style  simple  ;  ovule  atropous  ;  fruit  a 
capsule  ;  seeds  with  endosperm  ;  embryo  curved. 
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The  Cistaceae  constitute  a  small,  chiefly  Mediterranean  family  of  woody,  or 
more  rarely  herbaceous  plants,  with  simple  leaves  ;  e.g.  the  European  Rock  Rose, 
Helianthemum  vulgare,  a  small  undershrub  with  yellow  flowers,  found  growing, 
like  other  Cistaceae,  in  dry,  sunny  situations  (Fig.  484). 

Family  Droseraeeae. — Flowers  actinomorphic,  with  five  stamens ; 
ovary  usually  unilocular,  with  parietal  placentae,  style  divided. 
Fruit  a  capsule ;   seeds  with  endosperm.     Herbs,  with  irritable, 

GLANDULAR  CILIATED  LEAVES. 


Fig.  4S5.— Floral  diagram  of        Fig.  486.—  Viola  tricolor.    A,  Entire  plant  (reduced) ;  B,  a 
Viola..  stamen,  enlarged ;  C,  gynoicium,  enlarged ;  D,  transverse 

section  of  ovary  ;  E,  fruit  (nat.  s\z€).—Officixal. 

The  Droseraeeae  are  widely  distributed,  and  are  all  carnivorous  plants,  e.g. 
Drosera  rotundifolia,  Sundew,  growing  in  boggy  ground  (c/.  p.  215). 

The  families  Nepenthaeeae  and  Sarraceniaceae  are  regarded  as  allied  to  the 
Droseraeeae,  and  comprise  likewise  carnivorous  plants  ;  their  leaves  are  Avholly  or 
in  part  modified  into  pitchers  (c/.  p.  216). 

Family  Violaeeae. — Flowers  actinomorphic,  or  more  frequently 
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Fig.  48 

magnified 
(X  2.) 


Hyj^ericnm  tetraptenim.    o,  Flower,  somewhat 
b,  fruit ;      the  dried,  persistent  petals. 


ZYGOMORPHic  ;  stamens  five  ;  ovary  unilocular,  with  parietal  placentae, 
STYLE  SIMPLE ;  seeds  albuminous,  with  straight  embryo  (Figs. 
485,  486). 

The  family  includes  herbs,  shriihs,  and  trees,  frequently  with  leaves  having 

large  stipules  ;  it  is  represented, 
though  not  by  a  large  number  of 
genera,  in  all  zones.  Viola,  the 
Violet,  Pansy  or  Heart's-ease,  has 
always  axillary,  zygomorphic 
flowers  with  the  anterior  petal 
prolonged  into  a  hollow  spur 
enclosing  spur  -  like  nectarial 
appendages  of  the  two  lower 
stamens  (Fig.  486,  B,  nt).  Man}' 
species  of  Viola,  in  addition  To 
the  conspicuous  flowers  provided 
with  nectaries  and  adapted  to 
insect  -  pollination,  bear  cleisto- 
gamous  floAvers  which  contain  no  honey  and  are  self-pollinated  {cf.  p.  285).  The 
entomophilous  flowers,  although  so  well  equipped,  are  very  often  sterile. 

Officinal. — Herba  Yiolae 
TRicOLORis  is  obtained  from  Viola 
tricolor. 

Family  Hyperieaeeae. — 

Flowers  actinomorphic, 
stamens  three  or  five,  deeply 

DIVIDED       INTO  NUMEROUS 

BRANCHES ;  ovary  unilocular 
or  multilocular,  with  parietal 
placentse  and  free  styles ; 
seeds  without  endosperm. 
Leaves  opposite,  dotted 
WITH  oil-glands  (Fig.  487). 

Members  of  this  family  are 
found  widely  distributed  in  both 
the  temperate  and  warmer  zones. 
Many  species  of  Hypericum  {e.g.  the 
common  St.  John's-wort,  H.  pcrfor- 
atuni)  are  common  wayside  Aveeds. 

Family  Clusiaceae.  —  Flowers 
DiCECious,  with  numerous  stamens. 
Ovary  multicarpellary  ;  stigma 
rayed.    "VVoody  plants  with  resix 

CR  GUM-RESIN  canals. 

The  Clusiaceae  are  represented 
in  the  tropical  forests  by  numerous  arborescent  forms,  of  which  some  {Clusia)  are 
epiphytic.  The  fruit  (mangosteen)  of  Garcinia  Mangostana.,  found  in  Further 
India,  is  highly  prized. 


Fig.  4SS.— r/ica  chincnsis.  1,  Flowering  branch;  2, 
flower  cut  through  longitudinally  ;  3,  fruit ;  4,  seed. 
(After  WossiDLO.) 


SECT.  II 


PHAXEROGAMIA 


525 


Poisoxous. — The  gum -resins  of  several  species  of  this  family  are  very  poisonous. 
Officinal. — The  dried  gum-resin  of  Garcinia  Morella  (East  Indies)  yields 

GUTTI. 

Family  Temstroemiaceae. — In  Camellia  and  Thea^  perianth  acyclic,  brac- 

TEOLES  GRADUALLY  BECOMING  INDISTINGUISHABLE  FROM  SEPALS  ;  andrcecium  and 

gynoecium  polymerous,  ovary  multilocular.  AVoody  plants  -without  resin-canals 
(Fig.  488). 

This  family,  which  is  allied  to  the  preceding,  consists  chiefly  of  tropical  ever- 
green trees  and  shrubs  {e.g.  Camellia  japonica). 

Officinal.  —  Thea  chinensis,  the  leaves  of  which  when  dried  constitute  tea. 
Folia  Theae,  is  a  shrub  with  leathery  leaves  and  white  flowers  (Fig.  488).  It  is 
indigenous  to  China,  where  it  is  largely  cultivated,  as  also  in  the  East  Indies. 

The  order  Cistiflorae  contains  also,  in  addition  to  others,  the  following  families : 
Elatinaceae,  small  water-plants  with  inconspicuous  flowers  ;  e.g.  Elatine  hcxandra, 
Water -wort.  Tamaricaceae,  shrubs  with  scale -like  leaves  and  small  flowers 
aggregated  in  racemes  ;  e.g.  Myricaria,  Tamarix.  Eipterocarpaceae  ;  this  family, 
w^iich  has  taken  its  name  from  the  large  wings  attached  to  the  fruit,  consists 
wholly  of  tropical  plants.  From  the  species  oi  Hopea  the  officinal  Resina  Dammar 
is  to  some  extent  obtained. 


Order  8.  Passiflorinae 


Flowers  actinomorphic,  mostly   perigynous  or  epigynous 
andrcecium  with  varying  number  of  parts  ;  gynoecium 
TRiMEROUS  ;  styles  generally  free  and  bifid  ;  ovary 
unilocular,  with  parietal  placenta. 

It  is  difficult  to  point  to  characteristics  separating 
this  order  from  the  preceding  ;  both  are  frequently 
united  in  the  same  group. 

Family  Passifloraceae. — Flowers  perigynous,  with 
outgrowths  of  the  flower-axis  (corona  and  disc) 
between  the  perianth  and  andrcecium.  Calyx,  corolla, 
and  andrcecium  consisting  each  of  five  members  ; 
gynoecium  frequently  borne  on  a  gynophore,  an 
elongation  of  the  axis  (Fig.  489). 

The  majority  of  the  Passifloraceae  are  tendril- 
climbers,  with  large  beautifully  -  coloured  flowers. 
Especially  characteristic  of  the  flowers  of  many  species 
of  Passiflora  is  the  presence  of  a  filamentous  corona 
accompanied  by  successive  rings  of  filaments  repre- 
senting a  disc.  The  members  of  this  family  are  for  the 
most  part  indigenous  to  the  Tropics,  where  many  species 
are  prized  for  their  edible  berries. 

The  tropical  family  Caricaceae  is  closely  allied  to 
the  Passifloraceae.  The  latex  of  Carica  Papaya,  the 
Papaw,  contains  a  proteolytic  ferment,  papain. 

Family  Begoniaceae. — Flowers  epigynous,  uni- 
sexual ;  the  male  with  perianth  consisting  of  two 
dimerous  whorls  ;  the  female  with  simple  pentamerous  perianth  ;  stamens 
indefinite,  often  united  ;  ovary  three-sided,  trilocular. 

The  Begoniaceae  are  succulent  tropical  herbs  or  climbing  plants,  with  oblique, 
usually  somewhat  heart-shaped  leaves.    The  flowers,  which  are  commonly  white 

2  Q  2 


Fig.  489.—  PassifioraEngleriana. 
Part  of  a  flower,  k,  Sepals  ; 
c,  a  petal ;  ir,  corona ;  d, 
disc ;  gy,  gynophore ;  a, 
anthers ;  gr,  stigmas,  nat. 
size.  (After  Harms  in 
Xatiirl.  PJlanzenfamilien.) 
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or  red,  are  clustered  in  loose,  dicliasial  inflorescences.  Many  species  are  familiar 
as  ornamental  plants. 

To  the  Passiflorinae  belong  also  the  Loasaceae,  a  tropical  American  family 
consisting  for  the  most  part  of  herbaceous  climbers,  often  having  stinging  hairs. 
A  few  species  are  cultivated. 

Order  9.  Opuntinae 

AYith  the  single  family  Caetaeeae. — Flowers  epigynous,  actino- 
morphic,  hermaphrodite;  perianth  and  androscium  ACYCLIC;  gynoecium 
consisting  of  a  LARGE,  indefinite  number  of  carpels  ;  ovary  uni- 
locular, with  many  parietal  placentae  ;  ovules  with  long 
funiculi ;  fruit  a  berry.  Herbaceous  and  woody  plants,  with  fleshy 
axes  and  usually  reduced,  thorn-like  leaves  (Figs.  490,  491). 


Fig.  490.—Epl2)Tiylhnntmncatum.    2,  Flower  cut  through     Fig.  491.— Opwnfia  monacoHf/irt,  show- 
longitudinally.   (Nat.  size,  after  Wossidlo.)  iiig  flower  and  fruit.   (After  Schu- 

MAxy,  I  nat.  size.) 


In  many  Cadaceae  {Mamillaria)  the  assimilatory  vegetative  sj^stem 
is  reduced  to  an  angular,  cylindrical,  or  spherical  axis,  entirely 
destitute  of  foliage-leaves ;  in  other  Cadaceae,  again,  the  assimilatory 
organs  are  represented  by  a  system  of  branching  axes  which  may  be 
prismatic  (Cereus)  or  flattened,  either  band-shaped  {Epiphyllum,  Fig. 
490)  or  ovate  (Ojnuitia,  Fig.  491).  The  clusters  of  spines  occurring  on 
the  axes  represent  in  most  cases  reduced  leaves.  Peireskia  is  the  only 
genus  possessing  well-developed  foliage-leaves. 

Peculiar  as  the  general  appearance  of  the  Cadaceae  is,  it  is  not 
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distinctively  characteristic  of  this  family  alone,  as  some  of  the  Euphor- 
hiaceae  and  AsclepioAaceae  possess  a  similar  habit. 

Geographical  DisxRiBrxiox. — The  large  family  of  the  Cadaceae  is  restricted 
to  the  Avarmer  countries  of  America,  Like  most  succulents,  the  plants  of  this 
group  are  typically  xerophilous,  although  they  occasionally  occur  as  epiphytes 
on  the  dry  bark  of  trees  in  damp  forests.  They  attain  their  greatest  development 
in  the  dry  regions  in  the  south-western  part  of  Xorth  America,  where  the  columns 
of  the  ^[onument  Cactus,  Cereus  giganteus,  with  their  candelabra-like  branches, 
tower  20  m.  high  above  the  naked,  rocky  soil.  They  are  especially  prevalent 
in  the  high  table-lands  of  Mexico,  and,  extending  almost  to  the  snow-line,  exhibit 
the  most  astonishing  diversity  of  form.  One  species,  Opuntia  ficus  iiuUca,  with 
edible  berries,  has  escaped  from  cultivation  in  the  neighbourhood  of  the  Medi- 
terranean, and,  like  the  American  Agave,  has  become  so  common  that  it  is  now 
a  characteristic  plant  of  that  region.  It  is  on  this  plant  that  the  Cochineal 
insect  is  cultivated.  The  Coxtaceae  are  largely  cultivated  as  hot- house  and  window 
plants. 

Order  10.  Columniferae 

Flowers  hj'pogynous,  hermaphrodite,  actinomorphic,  with  valvate 
calyx  and  pentamerous  perianth  ;  stamens  usually  monadelphous, 
although  typically  five  in  number,  becoming  indefinite  by  division  ; 
carpels  2  —  cc ;  ovary  syncarpous,  SEPTATE,  corresponding  to  the 
number  of  carpels. 

The  andrcecium,  in  particular,  is  characteristic  of  the  Columniferae. 
In  some  forms  it  is  constructed,  according  to  the  Dicotyledonous  type, 
of  two  pentamerous  whorls ;  but  in  the  majority  of  cases  one  whorl, 
usuall}^  the  episepalous,  is  suppressed  or  replaced  by  staminodia, 
while  the  other,  in  consequence  of  the  division  of  the  staminal  rudi- 
ments, consists  of  a  larger  number  of  members.  In  addition,  the 
filaments  of  the  stamens  in  most  Columniferae  are  united  into  a  longer 
or  shorter  column,  or,  more  appropriately  described,  into  a  tube, 
whose  derivation  from  the  five  or  ten  original 
rudiments  is  only  recognisable  after  investiga- 
tion of  its  mode  of  development  and  a  comparison 
with  allied  forms.  A  division  of  the  carpels, 
similar  to  that  of  the  stamens,  is  also  of  frequent 
occurrence  in  the  gynoecium. 

Family  Tiliaeeae. — Sepals  free;  petals 
VALVATE  in  the  bud ;  stamens  usually  numer- 
ous, free  ;  anthers  introrse,  dithecious ; 
pollen-grains  not  spiny  (Figs.  492,  493). 

The  Tiliaeeae  are  for  the  most  part  woody 
plants,  with  toothed  or  lobed  stipulate  leaves. 
The  flowers,  which  are  adapted  to  insect-pollination,  are 
clusters,  and  produce  a  dry  capsule  or  an  indehiscent  fruit. 

The  andrcecium  consists  in  some  species  of  two  pentamerous  whorls,  thus 
representing  the  primitive  type  from  which  the  more  complicated  androecia  of 


Fig 


492.  —  rt7  iocfm.  Floral 
diagram    (Tilio.).  (After 

ElCHLER.) 


united  in 
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other  forms  have  developed.  Sometimes  by  the  suppression  of  one  whorl,  either 
the  epipetalous  or  the  episepalous,  the  number  of  stamens  is  reduced  to  five,  or,  in 

other  instances,  one  whorl  is  re- 
presented by  staminodia.  In 
most  cases,  however,  the  number 
of  stamens  is  indefinite  in  con- 
sequence of  a  division  of  the 
staminal  rudiments  extending  to 
their  very  base,  the  stamens  being 
grouped  correspondingly  in  either 
five  or  ten  bundles.  In  some 
forms  they  are  united  at  the 
base,  just  as  in  the  Malvaceae, 
but  the  androecia  of  the  Tiliaceae 
are  always  distinguishable  by 
their  dithecious,  introrse  anthers 
and  smoother  pollen-grains.  The 
stamens  in  some  species,  again, 
are  in  part  transformed  into 
petaloid  staminodia  {e.g.  Tilia 
tomentosa). 

This  family,  which  is  chiefly 
tropical,  is  represented  in 
northern  regions  only  by  the 
genus  Tilia,  variously  knoAvn 
under  the  name  of  Linden,  Bass- 
wood,  or  Lime-tree.  Lime-trees 
have  two-ranked  leaves  with  small 
stipules,  and  flowers  aggregated 
in  a  cymose  umbel.  The  slender 
stalk  of  each  inflorescence  is 
adnate  to  an  elongated  hypso- 
phyll,  differing  from  the  foliage- 
leaves  (Fig.  493)  both  in  its  yellowish  colour  and  shape.  The  numerous 
stamens  are  developed  from  five  episepalous  rudiments,  and  in  older  flowers  are 
distinctly  grouped  in  five  bundles.  The  ovary  is  hairy,  contains  two  ovules  in 
each  of  the  five  loculi,  and  ripens  into  an  indehiscent 
fruit  with  a  single  endospermous  seed.  Tilia  'parxifolia 
has  five-  to  nine-flowered  inflorescences  and  heart-shaped 
leaves,  which  are  beset  on  the  under  side,  in  the  angles 
of  the  nerves,  with  brown  tufts  of  hair,  but  otherwise 
are  glabrous  ;  the  large-leafed  Linden,  T.  grandifolia 
{T.  platyphyllos),  has  leaves,  hairy  on  the  under  surface, 
and  three-  to  five -flowered  inflorescences.  The  flowers 
of  T.  tomentosa  have  five  white  staminodia  resembling 
the  petals. 

Officixal. — Both  Tilia  imrxifolia  and  grandifolia, 
yielding  Flohes  Tiliae. 

Family  Sterculiaceae. — Flowers  often  apetalous  ;  calyx  gamosepalous  ;  petals 
CONTORTED  ;  stamens  usually  NOT  yeky  numerous,  monadelphous ;  anthers 
EXTRORSE,  DITHECIOUS  ;  poUeu-graius  not  often  spiny  (Figs.  494-496). 


Fig.  493.— riZift  purvifolio. 
liypsopliyll  h  (nat.  size), 


A,  Inflorescence  (a),  with 
B,  Longitudinal  section  of 


fruit  (magnified) ;  o,  pericarp  ;  atropliied  dissepi- 
ment and  ovule  ;  q,  seed  ;  r,  endosperm  ;  s,  embryo  ;  t, 
its  radicle.— Oi-'z-zcAV,!/..    (After  Berg  and  Schmidt.) 


Fio.  494.- 
Floral 
broma). 


-Sterculiccene. 
diagram  (Theo- 
(After  Eichler.) 
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The  androecium  of  this  family,  unlike  that  of  the  Tiliaxeac,  is  always  mon- 
adelphous.  It  resembles  in  this  respect  the  androecium  of  the  Malvaceae,  from 
which,  although  sometimes  only  distinguishable  by  the  dithecious  anthers,  it 
differs  in  having,  as  a  rule,  a  much  smaller  number  of  stamens.  The  episepalous 
stamens  are  never  fertile,  but  are  either  staminodial  or  suppressed. 

The  StercuUaceae  are  almost  exclusively  confined  to  the  Tropics,  where  they 
are  constantly  met  with  either  as  herbaceous  plants,  shrubs,  lianes,  or  trees, 
often  bearing  ilow^ers  of  a  peculiar  and  unusual  form.  The  only  plant  in  this  group 
of  value  to  man  is  the  Cacao-tree,  Theohroma  Cacao  (Figs.  495,  496),  a  small  tree, 


Fig.  490.-— Theohroma  Cacao.  1,  Branch  witli  flowers  and 
fruit ;  2,  a  flower  cut  through  longitudinally  ;  3,  seed. — 
Officinal.   (After  Wossidlo.) 


Fio.  49G.  — Fruit  of  Theohroma 
Cacao,  with  a  portion  of  the 
pericarp  removed  (h  nat.  size). 
—Officixal.  (After  Berg  and 
Schmidt.) 


originally  native  of  Mexico,  but  now  cultivated  in  all  tropical  countries.  The 
small  flowers  are  red  in  colour,  and  spring  from  the  cortex  of  the  stem  and  older 
branches.  The  fruit,  Avhich  is  about  the  size  of  a  small  cucumber,  and  of  red  or 
orange  colour,  has  a  hard  longitudinally -ribbed  wall,  and  contains  numerous 
disc-shaped  seeds  embedded  within  its  juicy  flesh.  After  fermentation,  when 
roasted  and  groilnd,  chocolate  and  cacao  are  obtained  from  the  seeds. 

Officinal. — The  seeds  of  Theohroma  Cacao,  yielding  Cocoa-butter,  Oleum 
Cacao.  Kola  nuts,  which  have  recently  been  recommended  for  their  medicinal 
qualities,  are  derived  from  Kola  acuminata  (West  Africa). 

Family  Malvaceae. — Calyx  gamosepalous  ;  petals  contoFvTED  in 
THE  BUD  ;  stamens  numerous,  monadelphous  ;  anthers  extrorse, 
MONOTHECIOUS  ;  pollen-grains  SPINY  (Figs.  497-500). 
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The  Malvaceae  are  herbaceous  or  woody  plants,  abounding  in 
mucilage,  and  usually,  at  least  in  their  early  growth,  covered  with 
matted  woolly  hair  (Fig.  497).  The  leaves  are  palmately  nerved  and 
frequently  palmately  lobed.  The  funnel  or  bell- 
shaped  flowers  are  entomophilous,  generally  large 
and  beautifully  coloured.  They  are  either  solitary 
and  axillar}',  or  grouped  in  terminal  inflorescences, 
and  are  often  provided  with  an  involucre  or  epi- 
calyx,  formed  of  three  or  more  bracteoles  (Fig.  498). 
The  petals  are  slightly  united  at  the  base.  The 
numerous  monothecious  stamens  are  formed  as  the 
result  of  a  splitting  of  the  epipetalous  whorl,  which 
in  this  case  extends  to  the  anthers,  while  the  epi- 
sepalous  whorl  is  either  entirely  suppressed  or  represented  by  tooth- 
like staminodia  attached  to  the  top  of  the  staminal  tube.  The 
gynoecium  is  often  multicarpellary,  and  gives  rise  to  a  capsule  or 
schizocarp  (Fig.  499,  c). 

Representative  Sub-Families. — (1)  JIalveac,  with  scliizocarpous  fruit,  pro- 
duced from  numerous  carpels  arranged  in  a  whorl ;  e.g.  Malva,  with  epicalyx 
consisting  of  three  free  involucral  bracteoles  ;  Lavatera,  with  ejiicalyx  of  three 
united  bracteoles  ;  Althaea,  with  epicalyx  of  six  to  nine  bracteoles  united  at  the 


Fig.  497.  —  Malvaceae. 
Floral  diagram  (Malva). 


Fig.  49S.— Flower  of  Althaea  officin- 
alis, cut  through  longitudinally, 
o,  Outer,  h,  inner  calyx  ;  c,  petals  ; 
(1,  androecium  ;  /,  pistil ;  e,  ovule 
(magnified).  (After  Berg  and 
Schmidt.) 


Fig.  499.  — Malva  silvestris. 


Flower ;  h, 


flower-bud  ;  c,  fruit  (nat.  size.) — Officisal. 


base.  (2)  Hihisceae,  with  fruit  in  the  form  of  a  capsule  ;  e.g.  Hibiscus  (Rose- 
Mallow),  Gossypium  (the  Cotton-plant). 

Geographical  Distributiox. — "With  the  exception  of  the  j)olar  regions, 
members  of  the  Mallow  family  are  found  distributed  over  the  whole  earth, 
although  chiefly  occurring  in  the  warmer  zones.  Althaea  rosea,  the  Holl\"hock, 
and  some  of  the  bushy  sjiecies  of  Hibiscus  are  favourite  ornamental  plants.  The 
species  of  Gossy2nuin,  from  which  cotton  is  obtained,  are  mostly  shrubs  Avith  lobed 
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leaves  and  bell-shaped  yellow  or  red  flowers  (Fig.  500).  The  Cotton-plant,  which 
still  grows  wild  in  tropical  countries,  is  largely  cultivated  in  all  the  warmer 
regions  of  Asia  and  America.  The  fruit  (Fig.  500,  2)  is  a  capsule  packed  Avith 
white,  yellow,  or  brown  hairs  (cotton),  which  are  attached  to  the  seeds  (3),  and 
serve  as  an  aid  to  wind-distribution  (c/.  p.  291). 

Officinal. — Malva  vulgaris  and  M.  silvestris  (High -Mallow)  supply  Folia 
Malvae,  and  M.  silvestris  (Fig.  499)  also  Flores  Malvae,  The  leaves,  Folia 
Althaeae,  and  the  roots.  Radix  Althaeae,  of  Althaea  officinalis  (common 


Officinal.   (After  Wossidlo.) 

Marsh-Mallow)  are  used  medicinally,  as  are  also  the  same  parts  of  Gossypium 
(Fig.  500). 

The  Bomhacaceae  are  very  closely  allied  to  Malvaceae;  they  are  a  family  of 
tropical  trees,  whose  stems  of  soft  wood  are  often  enormously  thick,  and  swollen 
in  the  middle  like  a  barrel.  The  flowers  are  unusually  large,  beautifully  coloured, 
and  frequently  zygomorphic  ;  the  seeds  are  sometimes  enveloped  in  long,  silky 
hairs. 

Ordep  11.  Gruinales 

Flowers  hypogynous,  hermaphrodite,  actinomorphic,  and  penta- 
merous  throughout,  or  zj^gomorphic,  and  then  often  reduced,  never 

WITH   POLYMEROUS   WHORLS   FORMED   BY   SPLITTING;   stamens  MON- 

ADELPHOUS  AT  THE  BASE,  obdiplostemonous ;  DISC  ABSENT;  ovary 
syncarpous,  septated  ;  micropyle  directed  upwards. 
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The  Grimiales  are  distinguished  from  the  Columniferae  by  the 
partially  monadelphous  stamens,  and  by  the  absence  of  splitting  in  the 
androecium.  In  both  orders  one  whorl  of  stamens  is  often  suppressed 
or  replaced  by  staminodia.  The  absence  of  a  disc  and  the  position  of 
the  micropyle  distinguish  the  Gruinales  from  the  allied  order  Tere- 
hinthinae  and  the  AescuUnae. 

Family  Geraniaeeae. — Flowers  actinomorphic,  rarely  zygomorphic, 
pentamerous  throughout ;  stamens  five  or  ten ;  ovary  with  two  ovules 

in  each  loculus ;  carpels  prolonged  mto 
an   AWN,   and   becoming  detached, 

WHEN  RIPE,  FROM  A  PERSISTENT  CEN- 
TRAL COLUMN  (Fig.  501). 

The  Geraniaeeae  are,  herbs,  or,  in 
warm  climates,  small  shrubs,  with  simple 
leaves  and  usually  with  glandular  hairs, 
which  secrete  an  aromatic  oil.  The 
flowers  are  either  axillary  and  solitary 
or  clustered  in  inflorescences  of  various 
types,  and  have  usually  a  carmine  or 
crimson  corolla.  The  carpels  in  many 
species  remain  closed,  and  are  forced  into 
the  ground  by  the  movements  of  the 
spirally- twisting  hygroscopic  awn  {e.g. 
Erodium).  In  most  of  the  large-flowered 
species  of  Geranium  the  awns,  in  coiling, 
contract  with  such  suddenness  that  the 
seeds  are  shot  out  from  the  carpels,  which  rupture  along  the  ventral 
suture.  The  two  genera  may  readily  be  distinguished,  as  Erodium 
(Storksbill)  has  only  five  stam.ens,  while  in  Geranium  (Cranesbill)  ten 
are  present. 

Geographical  Distributiox.  —  Members  of  this  family  are  found  widel}' 
scattered  over  all  zones.  The  various  species  Pelargonium  (flowers  zygomorphic), 
which  are  so  largely  cultivated,  are  indigenous  to  South  Africa. 

The  Tropaeolaceae,  a  small  South  American  family,  occupy  a  systematic 
position  not  wddely  removed  from  the  Geraniaeeae.  They  have  zygomorphic 
flowers,  with  eight  stamens  and  three  carpels.  Various  species  of  Tropaeolurti, 
Indian  Cress  or  so-called  Garden  Nasturtium,  are  frequently  cultivated. 

Family  Oxalidaeeae. — Flowers  actinomorphic,  with  ten  fertile 
stamens ;  ovary  with  several  ovules  in  each  loculus  ;  fruit  a 
capsule.  Herbs  and  woody  plants  with  COMPOUND  LEAVES ;  more 
rarely  Avith  phyllodia. 

A  chiefly  tropical  family,  of  which  Oxalis  acetosella,  the  common  Wood-Sorrel, 
is  a  familiar  representative  ;  its  sour  taste  is  due  to  the  presence  of  acid  potassium 
oxalate. 

Family  Linaeeae. — Flowers  actinomorphic  ;  four-  or  five-merous  ; 


Fig.  501. — Fruit  oi  Pelargonium  inqui- 
nans,  x  3.    (After  Baillox.) 
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stamens  nionadelphous,  the  epipetalous  A\^horl  wanting  or  stamin- 
ODIAL;  each  loculus  of  the  ovary  incompletely  halved  by  a  false 
DISSEPIMENT,  and  having  one  ovule  in  _ 
each  chamber ;  fruit  drupaceous  or  else  a 
capsule.    Herbs  and  shrubs  with  narrow, 

ENTIRE  LEAVES  (Fig.  502). 

The  only  plant  of  economic  value  in  this 
family  is  the  Flax,  Linuvi  usitatissimum,  an 
annual  herb,  native  of  Western  Asia,  and  known 
in  cultivation  since  the  earliest  historic  ages. 
The  flowers  (Fig.  502)  are  blue,  and  borne  in 
cymose  inflorescences.  Linen  is  woven  from  the 
strong  bast-fibres  of  the  stems,  Avhile  the  seeds 
are  also  of  value  on  account  of  the  oil  (linseed 
oil)  extracted  from  them. 

Officinal.  — Linum  usitatissimum  yields 
Semen  Lini. 


Family  Balsaminaeeae. — Flowers 
ZYGOMORPHIC,  with  five  FREE  stamens ; 
fruit  a  capsule,  bursting  when  ripe 
INTO  VALVES.  Herbs  with  simple 
leaves. 


Fi«"..  502. — Linum  usitutis-'iiniaiii.  A, 
Flower  ;  B,  androeciuiu  and  gyn- 
(KCiuiii ;  C,  capsule  after  dehiscence 
(A ,  nat.  size ;  B,  C,  X  3).— 
Officiaal. 


Beautifully  flowering  species  of  the  genus  Impatiens  (Balsam,  Jewel -weed) 
constitute  a  large  part  of  the  herbaceous  vegetation  of  the  forests  of  East  India. 
Impatiens  noli  tangere  and  other  species  of  the  same  genus  are  familiar  under  the 
name  of  *'  Touch-me-not  "  or  Snapweed.  /.  parvijiora  and  /.  Balsamina  are  culti- 
vated ornamental  plants. 

Family  Erythroxylaceae.  —  Flowers  actinomorphic  ;  petals  with  a  ligular 


Fig.  503. — Folygala  Senega.    A,  Flower ;  ((,  small,  h,  large  sepals  ;  c,  keel ;  e,  lateral  petals  ;  d, 
androecium.    B,  androeciuni ;  h,  anthers  (magnified).— Oi-wc/A'^z;.    (After  Berg  and  Schmidt.) 

appendage  ;  stamens  ten,  united  into  a  tube  ;  gynoecium  most  frequently  mono- 
MEROUS  ;  fruit  a  drupe.    Tropical  w^oody  plants. 

Officinal. — Erythroxylum  Coca,  a  shrub  growing  in  Bolivia  and  Peru.  Its 
leaves  (Folia  Coca)  contain  the  alkaloid  cocaine. 

Family  Polygalaceae. — Flowers  zygomorphic,  with  incomplete 
WHORLS,  the  corolla  being  reduced  to  three  petals,  and  the  androecium 
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to  eight  stamens  united  INTO  A  TUBE ;  gyiioecium  dimerous  ;  fruit 
a  capsule  or  drupe  (Fig.  503). 

The  Polygalaeeac  include  herbs,  shrubs,  and  lianes,  with  simple  leaves  ;  they 
are  widely  distributed  over  the  whole  globe.  Their  flowers  in  general  appearance 
somewhat  resemble  those  of  the  Papilionaccae,  but  the  wings  belong  to  the  calyx 
and  not  to  the  corona.  The  keel,  however,  is  a  petal.  The  anthers  open  by  pores. 
The  various  species  of  Milkwort  {Polygala)  are  familiar  representatives  of  this 
famil}'. 

Officixal. — The  Xorth  American  Seneca,  Snakeroot  {Polygala  Senega,  Fig. 
503),  supplies  the  officinal  root  Senega. 


Order  12.  Terebinthinae 


FloAvers  as  in  the  preceding  order,  but  with  AN  intra-sta3IINAL 
DISC.  For  the  most  part  woody  phmts,  with  ethereal  oils  which 
occur  in  canals  or  cells. 

This  order  stands  in  close  relation  with  the  Gruinalcs,  with  which 
it  is  now  sometimes  united.  The  fact,  however,  that  in  the  majorit}^ 
of  cases  members  of  this  order  exhibit  special 
characteristics  which,  although  sometimes  modi- 
fied, are  traceable  throughout  the  varying 
forms  of  the  order,  would  seem  to  indicate  their 
common  oiigin.  Thus  the  majority  of  the  Tere- 
binthinae are  aromatic  woody  plants,  with  pinnate, 
persistent  glabrous  leaves  and  small  or  at  most 
medium-sized  flowers,  Avhich  possess  a  fleshy  disc 
at  the  base  of  -the  ovary  (Fig.  504,  e),  and  are 
disposed  in  racemose  or  cymose  inflorescences. 
They  are  found  chiefl}'  in  warm  countries,  grow- 
ins;  in  drv  and  sunny  situations. 

Family  Rutaeeae. — Flowers  usually  actino- 
morphic  and  four-  to  five-merous  throughout ; 
stamens  in  one  or  two  whorls,  sometimes  as  a 
result  of  division  :  numerous.  Woody  plants, 
rarely  herbs,  usually  with  pinnate  leaves  and 

WITH  ethereal  oil  IN  NEARLY  SPHERICAL  INTERCELLULAR  CAVITIES 

(Figs.  504,  505). 

This  large  family  is  almost  exclusively  restricted  to  tlie  warm  zones.  The  members 
of  the  Rutaeeae  of  especial  value  to  man  belong  to  the  genus  Citrus,  which  differs 
in  many  respects  fi-om  the  family  type.  The  Citnis  species  are  small,  evergreen, 
and  often  spinous  trees.  The  leaves  are  apparently  simple,  but  in  reality  they 
are  compound  leaves  reduced  to  a  single  leaflet,  as  is  evident  from  the  presence  of 
a  segmentation  below  the  lamina,  and  from  a  comparison  witli  allied  forms.  The 
white,  fragrant  flowers  have  a  gamosepalous  calyx,  four  to  eight  thick  petals,  and 
numerous  stamens  united  in  bandies.  The  fruit  is  a  multilocular  berry  with  a 
leathery  outer  laj^er  full  of  oil-cavities.    The  juicy  pul^i  consists  of  the  enlarged. 


Fig.  bOA.—Ruta  graveolens. 
Flower  after  removal  of 
the  corolla  ;  a,  calyx  ;  c, 
stamens  ;  e,  disc  ;  /,  nec- 
taries ;  d,  ovary ;  h,  style  ; 
i,  stigma  (magnified). 
(After  Berg  and 
Schmidt.) 
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abnormally -developed  partition- walls.  The  seeds  contain  several  adventitious 
embryos.  All  the  species  of  Citrus  are  native  of  tropical  Asia,  but  most  of  them 
are  now  cultivated  in  all  warm  countries.  The  most  important  are — C.  vulgaris, 
the  Bitter  or  Seville  Orange  ;  C.  Aurantium,  the  Sweet  Orange  (Fig.  505)  ;  C. 
Limonum,  the  Lemon  ;  C.  medica,  the  Citron. 

Poisonous, — An  incautious  use  of  the  Rue  {Ruta  graveolens),  a  popular  medi- 
cinal plant,  has  sometimes  an  injurious  effect.  The  Rue  is  an  aromatic  under- 
shrub,  with  twice  or  thrice  pinnate,  glaucous  leaves,  and  dichasial  cincinnal 
inflorescences  of  yellow  flow^ers  (Fig.  504). 

Officinal. — Citrus  vulgaris  yields  Cortex  fructus  Ai'rantii  and  Fructus 
AuRANTii  immaturi,  Oleum  Aurantii  florum  and  Folia  Aurantii  ;  Citrus 
Limonum,  Cortex  Limonis  ;  Pilocarpus  pennatifolius  (Brazil),  Folia  Jaborandi. 


Fig.  505. — Citnis  Aurantium.    I,  Flowering  branch  ;  2,  a  flower  cut  through  longitudinally  ; 
3,  fruit  in  longitudinal  section  ;  4,  seed.— Off/cixal.    (After  Wossidlo.) 

Family  Burseraceae. — As  in  the  preceding  family,  but  with  resin-canals. 
Tropical  trees. 

Officinal. — Myrrh,  the  resin  of  Commiphora  3Iyrrlia,  a  small  East  African 
and  Arabian  tree  ;  Frankincense,  from  Bostvcllia  Cartesii  and  Bosiccllia  Bliau- 
Dajiana  (Arabia,  East  Africa);  Elemi,  from  Canarium  sp.  (Philippine  Islands). 

Family  Simarubaceae. — Like  the  Ruiaceae,  only  without  oil-cavities,  but  some- 
times with  oil-canals  ;  the  vegetative  parts  contain  bitter  principles.  Tropical 
woody  plants. 

Officinal. — Lignum  Qltassiae,  from  Picraena  excelsa  (West  Indies,  chiefly 
Jamaica)  and  Quassia  amara  (Surinam). 

The  Anacardiaceae  occupy  a  position  between  the  Terehinthinae  (especially  the 
Burseraceae)  and  the  Sapindinae.  They  resemble  the  first  in  appearance  and  in  the 
possession  of  resin-canals  and  an  intra-staminal  disc,  and  the  latter  in  the  upward- 
directed  micropyle.  Many  members  of  this  family  are  poisonous  plants,  e.g. 
the  species  of  Rhus,  Sumach. 

Officinal. — Mastiche,  a  gum-resin,  obtained  from  Pistacia  Lenticus  (Medi- 
terranean). 
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Order  13.  Sapindinae 

Flowers  hypogynous,  actinomorphic,  or  more  frequently  obliquely 
ZYGOMORrHiC,  with  pentamerous  perianth ;  andra?cium  usually  re- 
duced, having  only  eight  stamens  ;  an  extra-staminal  disc  com- 
monly present ;  ovar}^  two-  or  three-merous,  septated  ;  ovules  pendulous 
with  micropyle  directed  rp^YARDS  and  inwards,  or  erect  with 
micropyle  directed  down\yards  and  outwards.    Woody  plants. 

This  order  comprises  for  the  most  part  trees  or  lianes  with  deeply 


Fig.  506. — Acer  co.mpesire.    1,  FloAvering  branch  ;  2,  a  flower  cut  through  longitudinally ; 
3,  a  stamen  ;  4,  the  fruit.    (After  Wossidlo.) 

lobed  or  compound  leaves  and  small  flowers.  The  inflorescences  are  either 
strictlj^  racemose  or  have  cymose  secondary  axes.  None  of  the  species 
of  this  order  contain  aromatic  oils  ;  all  are  apparent^  entomophiious. 

Family  Aeeraeeae. — Flowers  actinomorphic,  usually  with  eight 
stamens  ;  ovary  bilocular,  having  two  ovules  in  each  loculus  ;  fruit  a 
WINGED  SCHIZOCARP  (SAMARA)  ;  leaves  opposite  (Fig.  506). 

This  family  consists  principally  of  the  genus  Acer  (Maple),  whose  numerous 
species  inhabit  chiefly  the  North  Temperate  Zone,  particularly  of  Asia.  Acer 
campcstrc  (Fig.  506),  a  frequently  cultivated  European  species,  has  palmately  lobed 
leaves,  and  erect  cymose  imibels  composed  of  small  greenish-yellow  flowers,  whose 
fragrance,  together  with  the  nectar  secreted  by  the  disc,  attracts  insects.    The  fruit 
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is  a  samara  with  two-winged  nut-like  fruitlets.  Acer  2Jlcttanoidcs,  unlike  the  preced- 
ing species,  has  leaves  with  sharp-pointed  lobes.  Acer  Pseudo-Platamis,  the  Syca- 
more, is  easily  recognised  by  its  elongated  pendulous  racemes  ;  Acer  Negicndo,  the 
Ash-leaved  Maple  (North  America),  is  characterised  by  its  pinnate  leaves.  Maple- 
sugar  is  made  from  the  ascending  spring-sap  of  the  Sugar-maple,  Acer  sacchariimiii. 

Family  Sapindaeeae. — Flowers  usually  obliquely  zygomorphic, 
with  eight  stamens ;  ovary  commonly  trilocular,  with  one  or  two 
ovules  in  each  loculus ;  leaves  in  most  cases  alternate. 

Between  this  family  and  the  Aceraceae  there  are  no  very  distinct  differences. 
The  majority  of  the  Sapindaeeae  are  tropical,  having  the  form  of  tendril-climbing 
lianes  with  flexible  and  often  comparatively  thick  stems.  Several  species  of  the 
genus  Aesculus,  which  is  often  made  the  type  of  a  distinct  family,  are  fre- 
quently cultivated  as  ornamental  trees.  Of  these,  the  common  Horse-Chestnut, 
A.  Hi2i2)ocastanum,  wdiich  is  found  growing  wild  from  Greece  to  the  Himalayas, 
is  perhaps  the  most  familiar  example.  It  has  opposite,  digitate  leaves,  and 
inflorescences  of  scorpioid  racemes.  The  flowers  are  distinctly  zygomorphic  ;  they 
have  seven  stamens,  and  two  ovules  in  each  of  the  three  loculi  of  the  ovary  ;  the 
fruit  is  a  spinous  capsule. 

Order  14.  Frangulinae 

Flowers  hypogynous,  sometimes  perigynous  or  epigynous,  ACTINO- 
MORPHIC,  in  the  perianth  and  androecium  three-  to  four-merous,  HAP- 
LOSTEMONOUS,  usually  with  disc ;  ovary  two-  to  five-merous,  septate, 
with    one    or   two  ovules  in  each  loculus;   micropyle  directed 

DOWNWARDS. 

The  Frangulinae  comprise,  for  the  most  part,  shrubs,  sometimes  growing  erect, 
sometimes  climbing  by  means  of  tendrils.  The  leaves  are  generally  simple,  in 
some  cases,  however,  pinnately  compound.  Although  entomophilous,  the  flowers 
are  characteristically  small  and  inconspicuous,  usually  with  reduced  calyx  and 
greenish  or  white  corolla.  They  have  only  a  single  whorl  of  stamens,  which  may 
be  placed  opposite  either  the  sepals  or  petals.    The  fruit  is  dry  or  juicy. 

Family  Celastraeeae. — Flowers  hypogynous  ;  stamens  episepal- 
OUS,  inserted  on  a  disc ;  ovary  two-  to  five-locular,  with  two  ovules 
in  each  loculus;  seeds  with  coloured  ARIL  (Fig.  507). 

Chiefly  tropical  trees  and  lianes.  Evonyraits  europaea,  the  Spindle-tree  (Fig. 
507),  has  poisonous  fruits  and  seeds  with  a  red  aril. 

Family  Aquifoliaeeae.  —  Flowers  hypogynous  ;  stamens  epi- 
SEPALOUS ;  DISC  WANTING ;  ovary  two-  to  five-locular,  with  one  ovule 
in  each  loculus ;  seeds  without  aril. 

The  plants  familiarly  known  as  Holly  are  included  in  this  family,  belonging  to 
the  genus  Ilex,  e.g.  I.  AquifoHiun,  the  English  Holly.  The  leaves,  known  com- 
mercially as  Paraguay  tea  (mate),  are  derived  from  several  sub-tropical  South 
American  species  of  the  genus  Ilex. 

Family  Vitaeeae. — Flowers  hypogynous  ;  stamens  epipetalous  ; 
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disc  incomplete,  coPxSisting  of  separate  glands ;  ovary  generally  TWO- 
LOCULAR ;  fruit  a  berry.  Climbing  shrubs  with  tendrils  opposite 
the  leaves  (Fig.  508). 

The  Vitaceae  are  chiefly  indigenous  to  tropical  countries,  where  many  species, 
particularly  of  the  genus  Cissus,  are  common  lianes,  some  of  which,  when  cut, 
supply  a  large  quantity  of  clear  water.  Many  species  of  Fitis  are  natives  of  Xorth 
America  ;  e.g.  V.  Lahrusca,  the  Northern  Fox-Grape,  now  largely  grown  in 
Europe,  and  the  Virginia  Creeper,  AmjJelojJsis  hedcracca,  so  frequently  cultivated  as 
an  ornamental  climber,     Vitis  Hmfera,  the  A^ine,  one  of  the  oldest  of  cultivated 


Fig.  508. — Vitis  vinifera.  Flower 
during  its  anthesis.  a,  Calyx  ; 
b,  corolla  ;  c,  disc  ;  d,  stamens  ; 
e,  ovarj^  (magnified).  (After 
Berg  and  Schmidt.) 


Fig.  507. — Evonyraus  euro'po.eo..  A,  Flowering  branch  (re- 
duced) ;  B,  a  flower  (magnified) ;  C,  D,  the  fruit  (nat.  size). 
—Poisosova. 


Fig.  509.  —  Rhamnus  FrangiUa^ 
Flower  cut  through  longi- 
tudinally. 0,  Receptacle ;  h, 
calyx  ;  c,  petal ;  d,  a  stamen  ; 
e,  pistil  (magnified).  (After 
Berg  and  Schmidt.) 


plants,  grows  wild  in  the  temperate  regions  of  Western  Asia,  Southern  Europe, 
and  Northern  Africa.  The  tendrils  of  the  Grape-vine,  as  is  shown  by  the  presence 
of  small  leaves,  are  metamorphosed  shoots.  The  inflorescence  is  a  profusely 
branched  panicle  with  i^entamerous  flowers.  The  corolla,  becoming  detached  from 
the  flower-axis  during  the  anthesis  or  act  of  flowering,  is  thrown  otf  in  the  form  of 
a  small  star,  and  is,  in  consequence,  apjiarently  wanting  in  the  opened  flowers  (Fig. 
508).  The  Tine  has  given  rise  by  cultivation  to  numerous  improved  varieties  and 
races.    Corinthian  or  dried  currants  are  the  small  fruits  of  a  seedless  variety. 

OfFICIXAL. — VlNUM. 
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Family  Rhamnaeeae.  —  Flowers  perigynous  or  epigynous  ; 
petals  usually  small,  often  hood-shaped ;  disc  complete  ;  ovary  com- 
monly THREE-LOCULAR  ;  fruit  a  drupe  or  capsule.  Mostly  erect,  rarely 
climbing  shrubs,  chiefly  tropical  (Fig,  509). 

Rhamnus  catliartica,  the  common  Buckthorn,  is  a  thorny  dioecious  shrub  witli 
opposite,  finely  serrate  leaves,  and  unisexual  tetramerous  flowers  producing  four- 
locular  drupes.  R.  Frangula,  the  Alder  Buckthorn,  has  scattered,  elliptical, 
entire  leaves,  small  hermaphrodite  flowers  (Fig.  509),  united  in  clusters,  and  black 
two-  to  three  -  locular  drupes.  Charcoal  made  from  the  wood  of  this  species  is 
used  in  the  man.ufacture  of  gunpowder. 

Officinal. — Fructus  Rhamni  Catharticae,  Cortex  Frangulae,  Cortex 
Rhamni  Purshianae,  from  Eliamnus  Purshiana,  native  of  l^orth  America. 

The  family  Buxaceae,  formerly  included  in  the  same  order  with  the  Ewplior- 
hiaceae,  has  recently  been  given  a  systematic  position  near  the  Celastraccae.  The 
Buxaceae  difl'er  from  other  families  belonging  to  the  Franrjulinae,  chiefly  in 
having  flowers  that  are  either  entirely  naked  or  only  provided  with  a  simple,  floral 
envelope.  The  most  familiar  representative  is  the  Box,  Buxus  senipervirens,  a 
poisonous  evergreen-shrub  frequently  cultivated  for  ornamental  borders,  etc.  To 
the  same  alliance  belongs  also  the  family  Empetraceae.  Empetrum  nigrum,  the 
Black  Crowberry,  is  a  small  heather-like  shrub  of  alpine  habit,  bearing  trimerous 
flowers. 


Order  15.  Thymelaeinae 


Flowers  perigynous,  actinomorphic  ;  perianth  and  androecium  four 
to  five-merous;  corolla  re- 
duced OR  WANTING  ;  One  or  ^ 
two  whorls  of  stamens  ;  ovary 
monomerous,  with  one  ovule. 
Mostly  woody  plants. 

The  majority  of  .  the 
Thymelaeinae  are  shrubs  with 
simple,  entire  leaves  destitute 
of  stipules  ;  the  flowers  are 
usually  small,  with  calyx  and 
receptacle  sometimes  calycoid, 
sometimes  corollaceous. 

Family  Thymelaeaeeae. 
— Corolla  absent  or  reduced 
to  scales  ;  ovules  suspended ; 

FRUIT    FORMED     SOLELY  OF 
THE  OVARY  (Fig.  510). 

Chiefly  sub-tropical  plants  of 
the  Southern  Hemisphere,  repre- 
sented in  Europe  by  Thymelaea    Fig.  blO.— Daphne  Mezereuviih  \\a.t.  ii\zQ).—Porsoxocs. 
and  Daphne. 

Poisonous. — All  the  German  species  of  Daphne  (Z*.  Mezcrcwui,  D.  Cneorum, 
D.  striata,  and  D.  Laureola)  are  poisonous.    D.  Mezercum,  a  deciduous  orna- 
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mental  slirub,  familiar  iu  cultivation,  has  fragrant,  rose-coloured  sessile  flowers, 
which  make  their  appearance  in  the  early  spring,  before  the  foliage-leaves,  on  the 
shoots  of  the  previous  year.  The  fruit  is  a  red  berry  about  the  size  of  a  pea 
(Fig.  510). 

Family  Elaeagnaeeae.  —  Corolla  always  suppressed ;  ovules 
ERECT ;  fruit  surrounded  by  the  persistent  fleshy  receptacle.  Woody 

plants,  WITH  SCALY  HAIRS. 

Hiirpopliae  rhamnoides  is  a  thorny  shrub,  sometimes  common  on  the  banks  of 
European  streams,  Avith  leaves  on  the  under  side,  covered  Avith  hairs,  giving  them  a 
silvery  appearance.  Several  species  of  Elaeagnus  and  Shcphcrdia  (North  America) 
are  frequently  cultivated  as  garden  shrubs. 

The  family  Protcaccac,  comprising  a  large  number  of  Australian  and  South 
African  plants,  is  included,  with  some  uncertainty,  in  this  order.  Several  species, 
on  account  of  their  large  and  beautiful  flowers,  are  cultivated  in  conservatories. 


Order  16.  Tricoceae 
Family  Euphorbiaeeae.  —  Flowers   hypogynous,  actinomorphic, 


Fig.  511.— Diagram  of  a  dicliasial  branch  of  Eiqitlwrhia,  with  three  cyatliia.    (After  Eichler.) 


MOSTLY  UNISEXUAL ;  perianth  rarely  double,  usually  simple  or 
\VANTING  ;    androecium   1-comerous;    ovary  of  three  carpels,  tri- 


FiG.  512. — Euphorbia  Lathyih.  A,  Cyathiuiii  ( x  5) ;  B,  fruit  after  dehiscence;  c,  central  column 
( X  2) ;  C,  seed  cut  through  longitudinally,  showing  the  embryo  embedded  in  tlie  endosperm  ; 
ca,  caruncle  (magnified).    (After  Baillon.) 


locular,  with  one  or  two  suspended  ovules  in  each  loculus ;  micropyle 
directed  upwards  and  out\yards,  and  covered  with  a  fleshy  out- 
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growth  (caruncle).     Fruit  commonly  a  capsule,  whose  carpels 

SEPARATE  ELASTICALLY  FROM  A  CENTRAL  COLUMN  (FigS.  511- 
516). 

The  single  constant  characteristic  of  the  Tricoccae  is  the  manner 
of  attachment  and  structure  of  the  ovule.  The  Uuphorbiaceae  include 
plants  of  the  most  varied  habit,  embracing  herbs.  Cactus-like  succu- 
lents, shrubs,  lianes,  and  trees,  whose  leaves  may  be  large,  or  small, 
or  reduced  to  scales,  or  represented  by  phyllocladia. 


Fig.  513. — EupJiorUa  resinifera.— Officinal.       Fig.  514. — EtipJwrbia  cyparissias  (g  nat.  size). — 
(After  Berg  and  Schmidt,  nat.  size.)  Poisonous. 


The  flowers,  which  individually  are  always  small  and  inconspicuous, 
display  the  same  variety  in  their  structure  as  the  vegetative  parts. 
They  are  sometimes  arranged  in  flower-like  inflorescences  enveloped 
by  a  corollaceous  sheath  {cf.  Euphorbia).  Although  some  few 
species  produce  dry  indehiscent  fruits,  berries  or  drupes,  the  usually 
trilocular  capsules  whose  carpels  or  cocci,  in  dehiscing,  separate 
elastically  from  a  central  column  (sometimes  with  great  violence,  e.g. 
Hum  crepitans),  and  split  almost  to  their  base,  constitute  an  easy  and 
certain  means  of  recognising  the  majority  of  the  Euphorhiaceae.  In 
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spite  of  the  great  variety  displayed  by  the  different  members,  they  are 
so  linked  together  by  intermediate  forms  that  this  family  forms  one 
of  the  most  natural  of  the  vegetable  kingdom. 

Representative  Genera. — EupliorUa,  tlie  Spurge  (Figs.  511-514).  Numerous 
stalked  male  flowers,  each  consisting  of  a  single  stamen,  and  one  stalked  female 


Fig.  515.— 7JicMn<s  comminiis,  greatly  reduced.— Po/50-.V(>r,s;  and  Officixal.    (After  Baillon.) 

flower,  are  together  enveloped  by  a  lobed,  bell-shaped  involucre,  forming  an  in- 
florescence termed  a  cyathium.  Such  a  cyathium  resembles  a  single  hermaph- 
rodite flower,  particularly  when  the  sheathing  involucre  is  corollaceous.  That 
it, "in  reality,  represents  an  inflorescence,  is  apparent  from  the  indication  of  a 
segmentation  visible  below  each  stamen,  and  also  from  a  comparison  with  allied 
genera  in  which  each  flower,  although  otherwise  similarly  constructed,  is  provided 
with  a  perigone.  All  the  species  of  Euphorbia  have  unseptated  latex-tubes  con- 
taining a  milky  juice.    Mercurialis :  flowers  dioecious,  with  green  perigone  and 
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dimerous  ovaries.  Croton :  all  the  species  of  this  genus  are  tropical  shrubs  with 
monoecious,  heterochlamydeous  flowers.    Ricinus  (see  under  Officinal). 

Geographical  Distribution. — The  plants  of  this  family  are  native  chiefly  of 
tropical  countries,  where  they  occur  usually  in  the  form  of  shrubs,  rarely  as  lianes 
or  trees.  Caoutchouc  is  derived  from  many  of  the  tropical  species,  e.g.  Hevea 
guyanensis  and  H.  brasiliensis  (South  America).  The  roots  of  Manihot  utilissima 
(Manioc,  Cassava)  form  an  important  article  of  food  in  the  Tropics  ;  from  tliem 
Tapioca  is  obtained. 

Poisonous. — Both  the  latex  and  seeds  of  most  Euphorhiaccae  contain  toxic 
principles.  Some  species  belong  to  the  most  poisonous  of  plants,  e.g.  the  tropical 
American  Hipiwmam  Mancinella,  whose  dangerous  character,  however,  has  been 


considerably  exaggerated.  All  the  species  of  Ewphorhia  (Figs.  513,  514),  and  also, 
though  to  a  less  degree,  the  species  of  Mercurialis  (Fig.  516),  are  poisonous.  The 
seeds  of  Ricinus  communis  (the  Castor-oil  plant,  Fig.  515),  but  not  the  oil  pressed 
from  them,  contain  a  deadly  poison. 

Officinal. — Euphorbium,  from  Euphorhia  o'csinifera,  a  Cactus -like  shrub 
growing  in  Morocco  (Fig.  513).  Cortex  Cascarillae,  from  Croton  Eleuteria 
(Bahama  Islands).  Oleum  Crotonis,  from  Croton  Tiglium  (East  Indies). 
Kamala,  the  glandular  hairs  of  the  capsules  of  Mallotus  'philipiniiensis,  a  small 
tree  widely  distributed  in  East  Asia  and  Australia.  Oleum  Ricini,  obtained  from 
the  seeds  of  Ricinus  communis.  The  Castor-oil  plant,  now  so  familiar  in  cultiva- 
tion, in  its  native  home  in  Africa  is  a  tree-like  plant  with  large  palmately-lobed 
leaves.  The  male  flowers  have  branched  stamens  and  occupy  the  lower,  the 
female  the  upper  part  of  the  axis  of  the  inflorescence.  Both  kinds  of  flowers  are 
provided  with  a  simple  envelope.    The  fruit  is  a  three-seeded  spinous  capsule. 
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The  small  family  Callitrichaceae  is  also  considered,  although  not  with  certaint}', 
to  belong  to  the  same  alliance  as  the  Euphorhiaceae.  It  comprises  only  small 
submerged  water-plants  with  unisexual  naked  flowers  ;  each  male  flower  consists 
of  only  one  stamen,  and  each  female  flower  of  a  single  pistil. 


Order  17.  Umbelliflorae 


Flowers  actinomorphic,  more  rarely  slightly  zygomorphic,  epigynous, 
with  a  four-  to  five-merous  perianth,  haplostemonous  ;  calyx  greatly 
REDUCED;  an  intra-staminal  Disc  present;  gynoecium  usually  dimerous; 
ovary  bilocular,  with  one  ovule  in  each  loculus ;  seeds  with  large 
endosperm.  Herbs  and  shrubs,  commonly  with  hollow  axes  ;  leaves 
divided  or  COMPOUND,  usually  with  sheathing  bases  ;  flowers  small, 
aggregated  in  umbels  or  in  umbellate  inflorescences. 

In  the  structure  of  their  flowers  and  fruit  the  Umhelliftorae  bear 
a  close  resemblance  on  the  one  side  to  the  few  epigynous  Fran- 
GULINAE,  on  the  other,  through  the  Caprifoliaceae,  to  the  Bubiinae,  from 
which  they  essentially  differ  in  not  having  gamopetalous  flowers. 
The  union  of  the  members  of  this  group  into  a  natural,  systematic 
order  is  chiefly  based  on  the  similarity  exhibited  in  the  form  of  their 

inflorescences  and  on  the  resemblance 
~  '  existing    between   their  vegetative 

parts.  The  designation  of  the  whole 
order  as  Umbelliflorae  has  reference 
to  the  umbelliform  manner  of  branch- 
ing displayed  in  the  floral  region  ; 
the  inflorescences  are  usually  com- 
pound umbels,  rarely  simple  umbels 
or  umbellate  panicles  or  cymes. 
The  flowers  in  most  cases  are  white 
or  yellow.  There  is  a  similar  corre- 
spondence in  the  vegetative  organs. 
The  stems  are  generally  hollow ; 
the  leaves  are  scattered,  often  very 
large,  usually  much  divided  or  com- 
pound, and  almost  always  with  stalks 
broadened  at  the  base  into  a  sheath. 

Family  Cornaeeae.  —  Perianth 
and  androecium  usually  tetramerous; 
petals  VALVATE  or  imbricated  in 
the  bud  ;  gynoecium  most  often 
dimerous  with  simple  style  ;  ovary 
one-  to  f our-locular ;  fruit  a  DRUPE 
'  or  berry  (Fig.  517). 

This  family  forms  a  connecting 
and  the  typical  Umbelliflorae.    It  com- 


G.  bVl.—Cornus  nias.  1,  Flowering  branch  ; 
2,  flower  cut  through  longitudinally ;  3, 
branch  with  fruit.    (After  Wossidlo.) 


link  between  the  Bhamnacec 
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prises  but  few  herbs,  and  is  usually  represented  by  woody  plants  Avith 
flowers  arranged  in  dichasial  inflorescences,  and  with  decussate  leaves, 
which  are  generally  undivided  and  M'ithout  a  sheath,  e.g.  Comns,  Dog- 
wood, Cornel  (Fig.  517). 

Family  Araliaeeae. — Perianth  and  androecium  usually  penta- 
MEROUS ;  petals  valvate  in  the  bud ;  gynoecium  generally  MORE  than 
DIMEROUS ;  styles  most  frequently  free  ;  ovary  one  to  many  locular  : 
fruit  a  drupe  or  berry  (Fig.  .518). 


Fig.  51S.—Hedera  Helix.    1,  Flowering  branch ;  2,  leaf  of  a  sterile  branch  ;  3,  flower  cut  through 
longitudinally  ;  4,  floral  diagram  ;  5,  fruit ;  6,  seed. — Poisonous.   (After  Wossidlo.) 


A  family  of  small  woody  plants  with  stems  either  hollow  or  filled 
with  a  spongy  pith ;  rarely  solid  and  woody.  The  leaves,  which 
are  scattered  and  provided  with  sheathing  bases,  are  lobed  or  com- 
pound. The  flowers  are  arranged  in  umbellate  or  capitate  inflores- 
cences, which  are  frequently  aggregated  into  panicles. 

The  Araliaeeae  are  found  chiefly  in  tropical  Asia,  Avhere,  in  the  form  of  small 
sparingly-branched  trees  with  large  divided  leaA^es  and  enormous  inflorescences  of 
small  yellow  flowers,  they  constitute  a  characteristic  part  of  the  vegetation.  To 
this  family  belongs  the  Ivy,  Hedera  Helix  (Fig.  518),  a  root-climbing,  evergreen 
shrub,  with  differently  shaped  leaves  on  the  fertile  and  sterile  shoots.  The  berries 
are  POisoNors. 

Family  Umbelliferae. — Perianth  and  androecium  generally  penta- 
merous ;  petals  valvate  in  the  bud ;  gynoecium  dimerous,  with 
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FREE  STYLES ;  fruit  schizocarpic,  usually  with  oiL-DUCTS.  Flowers, 
with  few  exceptions,  in  compound  umbels  (Figs.  519-525). 

The   Umhelliferae  form  one  of  the  most 
natural  and  easily  recognisable  plant-families. 
They  are,  in  the  majority  of  cases,  perennial 
^     ^   ^  herbs  with  hollow  stems  and  divided  leaves 

ir%^I^  i  I        ^^^^  sheathing  bases.    The  inflorescences  are 
A  ^  --^^  A         usually  compound,  and  consist  of  many  umbels 
of  small  white  or  yellow,  rarely  reddish  or 
violet,   flowers,  Avhich  give  rise  to  brownish 
Fig.  bi<d.~-vmheiiiferac.      ribbed,  aromatic  schizocarps  (Figs.  520,  521). 

Floral  diagi'am  (Siler). 

The  umbels  are  often  altogether  devoid  of  subtend- 
ing leaves  ;  where  such  are  present,  they  form  an  inconspicuous  whorl  of  bracts, 
termed  an  involucre  when  at  the  base  of  the  compound  umbel,  an  involucel  if 

subtending  the  umbellets  or  secondary  umbels 
(Figs.  523,  524).  The  presence  or  absence  of 
involucral  Avhorls  is  characteristic  of  different 
genera,  and  is,  therefore,  of  great  service  in 
distino-uishincr  them. 


-Fruit  of  various  Umbdli ferae  in  trans- 
verse section.  1,  Foenicuhini  officinale;  2,  Pirn- 
innella  Anisum  :  3,  Conhim  maculahnn  ;  4,  Corian- 
drum  sativum.  — Officinal.  (After  Berg  and 
Schmidt.) 


Fig.  b20.  —  Carum  Carri.  1,  Branch  with  The  following  examples  maybe  cited  as 
ripe  fruit ;  2,  a  flower  ;  3,  the  same  cut  in^^gtrating  deviations  from  the  usual  habit : 
through  longitudinally  ;   4>  ^uit  >  5,  ^^^.^^  ^^^^^^^        BuphuTum)  ;  simple 

transverse  section  of  fruit.— 0/'/'/CA^^^.  i 
(After  WossiDLO.) 


umbels  {e.g.  Astrantia)  ;  compound  inflor- 
escences, paniculate  {e.g.  Dorema)  ;  large 
corollaceous  involucres  {e.g.  Astrantia,  Eryngium).  The  most  striking  variation 
from  the  typical  habit  is  the  occurrence  in  temperate  South  America  of  UmhelUferae 
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Avith  solitary  flowers  (Azorella).  All  the  flowers  of  an  umbel  are  usually  actino- 
morphic  and  hermaphrodite.  Sometimes,  as  in  Coriandrum  and  Heracleum  (Cow- 
Parsnip),  the  peripheral  flowers  are  zygomorphic  ;  or  in  some  cases  the  umbel  has  a 
central  terminal  flower  of  a  distinctive  colour  and  size  {e.g.  Daucus),  or  it  may  consist 
in  part  of  unisexual  flowers.  The  calyx  is  usually  barely  distinguishable  ;  the  petals 
are  provided  with  a  short  claw  and  are  obcordate  in  shape  or  have  incurved  apices. 
The  disc,  which  is  sometimes  termed  a  gynophore,  consists  of  two  cushion-like 
swellings  and  secretes  honey.  The  stamens  are  incurved  in  the  bud.  The  styles 
are  short  and  divergent,  with  their  apices  not  distinctly  differentiated. 

An  exact  knowledge  of  the  structure  of  the  fruits  is  indispensable, 
as  these  exhibit  the  most  important  distinguishing  characters  of  the 


Fig.  522. — Cicuta  vir osa  Q  nat.  size).— ^07SO^■orf!. 


species,  which  in  other  respects  are  very  much  alike  (especially  poisonous 
species).  The  fruits  of  many  species,  moreover,  are  officinal,  or  are  used 
as  spices.  The  fruit,  which  is  usually  small  and  of  varying  shape,  is  a 
dry  schizocarp,  and  splits  when  ripe  into  mericarps.  It  is  most  fre- 
quently somewhat  elongated,  and  circular  or  elliptical  in  transverse 
section ;  in  the  latter  case,  with  the  major  axis  either  perpendicular 
or  at  right  angles  to  the  plane  of  union  of  the  two  carpels.  When  an 
elliptical  transverse  section  is  very  narrow,  the  fruit  is  disc-shaped 
(Heracleum).  Fruits  of  a  spherical  (Coriandrum)  or  double-spherical 
form  (Bifora)  are  more  rare.  After  their  separation,  the  two  carpels 
or  mericarps  usually  remain  suspended  from  a  forked  stalk,  the  CARPO- 
PHORE, until  they  are  eventually  detached  by  the  wind.  A  carpophore 
is  absent  in  only  a  few  species  (e.g.  the  formerly  officinal  Oenanthe 
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Pliellandriuni).  Each  mericarp  bears  on  its  free  surface  five  longitudinal 
ridges,  enclosing  vascular  bundles ;  these  are  known  as  the  IVIAIN  RIBS 
(JUGA  primaria).  The  furrows  (vallecul.e)  between  the  ridges 
are  usually  dark-coloured  in  consequence  of  the  reddish-brown  oil- 
ducts  (vitt.e)  ^vhich  occur  immediately  below  in  the  tissue  of  the 
pericarp  (Fig.  521,   1).     In  many  species  each  of  the  furrows  is 


Fig.  523. — Conium  'iiiaculatum  (h  nat. 
size).— Po/50.vors  and  Officij^al. 


traversed  by  a  secondary  ridge  (jugum  secundarium)  ;  the  prickly 
fruit,  for  example,  of  the  common  Carrot,  Daucus  Carota,  possesses 
prickly  secondary  ridges.  In  many  genera  (e.g.  Pimjpinella)  several 
oil-ducts  occur  below  each  furrow  (Fig.  521,  2);  in  others,  the  oil- 
ducts  may  be  present  in  less  than  the  usual  number  (Coriandriim,  Fig. 
521,  4)  or  altogether  absent  (Conium,  Fig.  521,  3).  The  seed  com- 
pletely fills  the  whole  cavity  of  the  mericarp,  and  is  adherent  to  the 
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pericarp.  It  contains  a  large  oleaginous  endosperm,  in  the  upper 
part  of  which  the  minute  embryo  lies  embedded. 

According  to  the  form  assumed  by  the  endosperm,  the  following 
sub-families  may  be  distinguished. 

1.  Orthospermeae. —The  endosperm  flat,  or  slightly  convex  on  the  ventral 
side,  i.e.  on  the  side  turned  towards  the  plane  of  junction  of  the  two  nieri- 
carps  (Fig.  521,  1,  2),  e.g.  Hydrocotylc  (Water-Pennywort),  Sanicula  (Sanicle), 
Eryngiuon  (Eryngo),  Cicuta  (Water-Hemlock),  Carum  (Caraway),  Petroselinum 
(Parsley),  Pimpinella,  Sium  (Water  -  Parsnip),  Bupleurum  (Thorough  -  wax), 
Oenanthe  (Drop- wort),  Aethusa  (Fool's  Parsley),  Foeniculum  (Fennel),  Levisticum 


Fig.  525. — Aethusa  Cynapium  (§  nat.  size).— Poisoxors. 


(Lovage),  Angelica,  Archangelica,  Heradeum  (Cow-Parsnip),  Pastinaca  (Parsnip), 
Daucus  (Carrot),  etc. 

2.  Campy lospermeae. — The  ventral  side  of  the  endosperm  is  traversed  by  a  longi- 
tudinal groove  (Fig.  521,  3)  :  e.g.  Caucalis  (Bur  Parsley),  Torilis  (Hedge  Parsley), 
/S'cajic^icc (Shepherd's  Needle),  Anthriscus  (Beaked  Parsley),  Chaerophyllum  (Chervil), 
Conium,  (Hemlock),  etc. 

3.  Coelospermeae. — The  ventral  side  of  the  endosperm  is  concave,  e.g.  Corian- 
drum,  Coriander  (Fig.  521,  4). 

Geographical  Distribution. — The  numerous  species  of  Ihnhelli/ferae  are,  for 
the  most  part,  indigenous  to  the  North  Temperate  Zone  ;  those  occurring  in  the 
Tropics  grow  almost  exclusively  in  the  cooler  mountainous  regions,  while  the 
South  Temperate  Zone  possesses  some  peculiar,  abnormally -developed  forms. 
Many  members  of  this  family  are  cultivated  for  culinary  purposes,  in  most  cases 
on  account  of  their  aromatic  properties  ;  e.g.  the  Common  Carrot,  Daucus  Carota 
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var.  sativa ;  Celery,  Apium  graveolens ;  Garden  Chervil,  Anthriscus  CerefoUum ; 
Parsley,  Petroselinum  sativum  ;  Dill,  Anethum  graveolens  ;  and  also  several  of  the 
officinal  species. 

Poisonous. — Conium  maculatum,  the  Poison  Hemlock  (Fig.  523),  a  glabrous 
herb,  often  more  than  a  metre  in  height,  with  holloAV  stems  and  dull-green  de- 
compound leaves.  The  lower  parts  of  the  stems  are  very  frequently,  but  not 
always,  purple-spotted.  The  plant  is  easily  recognised  by  the  wavy,  crenate  ridges 
of  its  short,  laterally  compressed  fruit,  and  also  by  its  disagreeable  odour  when 
bruised  (resembling  that  of  mice).  Cicuta  virosa,  the  Water-Hemlock  (Fig.  522), 
a  large  herb  growing  along  the  edges  of  ponds  and  ditches,  is  one  of  the  most 
dangerous  of  poisonous  plants.  It  has  a  turnip-like  white  ehizome  full  of 
INTERNAL  CAVITIES,  and  large  tripinnate  leaves  with  narrow  lanceolate,  serrate 
leaflets.  The  small  white  flowers  are  aggregated  in  compound  umbels  and  produce 
subglobose  fruits.  Bcrula  angustifolia  and  the  diff"erent  species  of  Sium  and 
Oenanthe  are  less  poisonous  ;  they  are  all  marsh  or  aquatic  plants.  The  last-named 
genus  is  easily  distinguishable  by  the  absence  of  a  carpophore.  Sium  latifolium 
(Fig.  524),  which  is  frequently  found  in  company  with  the  "Water-Hemlock,  has 
simply  pinnate  leaves  with  lanceolate,  sharply  serrate  leaflets.  The  Fool's  Paisley, 
Aethusa  Cynainiim  (Fig.  525),  a  common  weed  in  gardens,  produces  an  intoxicat- 
ing efi"ect  when  eaten.  It  diff"ers  from  the  true  parsley  in  having  white  instead 
of  yellow  flowers,  one-sided,  three -leaved  (instead  of  six-  to  eight-leaved) 
INVOLUCELS,  and  an  odour  of  garlic. 

Officinal. — Archangelica  officinalis  yields  Radix  Angelicae  ;  Levisticum 
officinale,  Rad.  Levistici  ;  Pimpinella  magna  and  P.  Saxifraga,  Rad.  Pimpi- 
nellae  ;  Pimpinella  Anisum  (Anise),  Fructus  Anisi  ;  Foeniculum  capillaceum, 
Fructus  Foeniculi  ;  Carum  Carvi  (Caraway),  Fructus  Carvi  ;  Coriandrum 
sativum,  Fructus  Coriandri  ;  Conium  maculatum,  Herba  Conii  ;  Dorema 
Ammoniacum  (Persia),  Ammoniacum  ;  Ferula  galhanijiua  and  ruhricaulis  (Persia), 
Galbanum  ;  Ferula  Narthex  (Persia),  Asafoetida. 

Order  18.  Saxifraginae 

Flowers  hypogynous,  perigynous  or  epigynous,  actinomorpluc,  in 
perianth  and  androecium  pentamerous ;  stamens  usually  obdiplo- 
STEMONOUS  ;  gynoecium  two-  to  five-merous,  syncarpous  or  apocarpous  ; 
seeds  generally  ALBUMINOUS. 

This  order  is  somewhat  artificial,  and  difficult  to  characterise,  as  it 
consists  of  members  which  exhibit  a  great  diversity  in  the  structure  of 
their  flowers.  It  cannot  be  sharply  separated  from  the  Bosiflome  ;  and 
as  it  stands  also  in  close  affinity  with  the  Cijstiflorae,  Mi/rtiflorae,  and 
Ericinae,  it  may  be  regarded  as  constituting  an  intermediate  group 
uniting  all  these  different  alliances. 

Family  Crassulaeeae. — Flowers  hypogynous  or  epigynous,  herma- 
phrodite, with  a  variable  number  of  members  in  the  different  whorls ; 
perianth  differentiated  into  calyx  and  corolla ;  andro3cium  obdiplo- 
stemonous  or  haplostemonous ;  carpels  free  or  slightly  united,  with 
GLANDULAR  SCALES  (disc),  One  at  the  base  of  each  carpel :  capsules 
containing  numerous  small  seeds  with  little  or  no  endosperm. 
Succulent  herbs  and  undershrubs  (Fig.  526). 
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The  members  of  this  family  are  easily  recognisable  by  their  fleshy,  entire  leaves. 
Their  flowers  are  usually  bright  yellow  or  red  in  colour,  and  are  arranged  in  cymose 
inflorescences. 

Geographical  Distribution. — The  Crassulaceae,  like  all  succulents,  thrive  best 
in  dry  sunny  situations.  They  are  almost  universally  found  on  rocks,  walls,  and 
roofs.    The  genus  Sedum  has  usually  pentamerous  flowers  :  Scdum  acre,  the  Mossy 


Fig.  526. — Scdum  Tdejphium.    a,  Flower;  h,  flower  in  longitndinal  section,    (x  4.) 

Stonecrop,  grows  on  walls  and  rocks,  as  does  also  >S'.  Telephiiwi,  the  Garden  Orpine 
or  Live-for-ever  (Fig.  526).  The  flowers  of  the  genus  Sempervivum  are  6-oo  merous. 
S.  tedorum,  the  Houseleelc,  and  other  species,  as  also  species  of  Crassula  (haplo- 
stemonous),  Sedum,  JEcheveria,  etc.,  are  frequently  cultivated. 

Family  Saxifragaeeae. — Flowers  perigynous  or  epigynous,  herma- 
phrodite, with  calyx  and  corolla ;  stamens  obdiplostemonous  or  haplo- 
stemonous ;    carpels,   usually  r^r\ 
two,    WITHOUT    scales,    and  rC^i^Xv 
UNITED,  either  wholl}^  or  only 
at  the  base.    Fruit  usually  a 
capsule,  containing  numerous 
small  seeds    with  abundant 
endosperm  (Fig.  527). 

The  Saxifragaceae  comprise  a 
number  of  herbs  and  woody  plants 
very  unlike  in  appearance.  The 
flowers  are  small,  or  at  most  only 
medium-sized  and  aggregated  into 
inflorescences. 

Geographical  Distribution. 
— In  Northern  Europe  the  genus 
Saxifmga  is  widely  represented 
by  numerous  species  on  the  rocks 
and  boulders  of  mountains.  Most 
of  the  members  of  this  family  are 
found  in  the  Temperate  Zone, 
although  a  relatively  large  number 

occur  also  in  the  Arctic  regions  ;  Saxif  mga  granulata,  S.  tridactylites,  and  Par- 
nassia  imlustris  are  representatives  of  the  family  in  the  plains.  Several  species 
of  the  genus  Rihes  are  cultivated  for  the  sake  of  their  fruit  {e.g.  R.  ruhrum,  the 


Fig.  527. — Pdhes  Grossularia.  1,  Flowering  branch  ;  2, 
flower  cut  through  longitudinally  ;  3,  fruit  in  trans- 
verse section  ;  4,  longitudinal  section  of  seed.  (After 
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Red  Currant  ;  B.  nigrum,  the  Black  Currant  ;  R.  Grossularia,  tlie  Gooseberry)  ; 
while  other  species  of  the  same  genus  and  other  genera  are  fi-equently  used  as 
ornamental  plants  {Saxifraga,  Hydrangea,  Philadelphus,  Dcutzia). 
Officikal.- — Syevpus  Ribii'm  from  Itil)es  ruhrum. 

The  Haiiiaraelidaceac,  a  sub-tropical  family  of  woody  plants  with  apetalous 
flowers,  are  very  closely  allied  to  the  Saxifragaceae.  —  Officinal  :  Styeax 
LIQX'IDITS,  obtained  from  the  balsam-canals  in  the  cortex  of  Liquidariibar  styraciflua. 

Family  Platanaceae. — Flowers  MOX(ECiors,  with  kudimentart  perianth  : 
the  male  with  reduced  androecium  ;  the  female  perigynous,  with  free  carpels. 
Seeds  Avithout  endosperm.  This  family  includes  only  the  single  genus  Platanus, 
with  but  four  species,  all  of  which  are  trees  with  scaly  bark,  palmately  lobed 
leaves,  and  sheathing  connate  stipules.  The  flowers,  which  are  small  and  in- 
significant, are  clustered  into  spherical  heads  with  long  stalks  ;  the  fruit  is  a  nut. 
Platanus  oricntalis,  from  "Western  Asia,  and  P.  occidentalis,  the  American  Plane- 
tree,  are  frequently  grown  as  shade-trees. 

Order  19.  Rosiflorae 

Including  the  single  family  Rosaceae. — Flowers  perigynous  or  epi- 
gynous,  almost  always  actinomorphic  ;  perianth  generally  pentamerous  ; 
stamens  usually  more  NUMEROUS  than  the  perianth  leaves  ;  gynoecium 
in  perigynous  flowers  entirely  APOCARPOUS,  in  epigynous  flowers  with 
at  least  the  upper  part  of  the  carpels  free  ;  seeds  without  ENDOSPER:\r. 
Leaves  alternate,  stipulate  (Figs.  528-532). 


JL  2 

Fig.  52S.—Hagenw  ahyssinim.    1,  Flower  ;  e,  epicalyx ;  /,  calyx ;  g,  corolla  ( x  4) ;  2,  fruit 
(nat.  size),  with  enlarged  epicalyx.— O/'/'/CAV.^/;.   (After  Berg  and  Schmidt.) 

The  flowers  of  the  Romceac  may  in  all  cases  be  derived  without 
difficulty  from  the  typical  Dicotyledonous  type,  although  it  is  shown 
in  an  unmodified  form  in  only  a  few  genera,  e.g.  in  QuiUaja,  whose 
flowers  are  constructed  of  five  pentamerous  whorls.  The  flowers  of 
most  of  the  species  are  characterised  by  the  possession  of  an  indefinite 
number  of  stamens,  as  a  result  of  the  splitting  of  the  whorls  and  of 
the  individual  members  of  the  androecium.  A  similar  multiplication 
of  the  parts  is  also  of  frequent  occurrence  in  the  gynoecium.  A  rose 
with  its  numerous  stamens  and  apocarpous  gyncecium  consisting  of 
numerous  carpels  may  serve  as  the  type  of  the  flowers  of  the  liosaceae. 
Similar    polyandrous,  apocarpous    flowers  are   characteristic  of  the 
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Banunculaceae,  but,  as  they  are  hypogynous  and  have  the  parts 
arranged  spirally,  they  differ  greatly  from  those  of  the  Eosaceae.  On 
the  other  hand,  although  less  frequently,  the  flowers  of  this  family  may 
suff'er  a  reduction  of  their  parts.  Thus  in  the  flowers  of  the  genus 
Alcliemilla  the  inner  whorl  of  the  perianth  is  wanting ;  the  androecium 
is  also  not  unfrequently  reduced  to  a  single  whorl,  in  Alcliemilla  arvensu 
even  to  a  single  stamen,  while  in  the  Prunoideae  the  gynoecium  con- 
sists similarly  of  but  a  single  carpel.  Such  reduced  and  modified 
flowers  are  linked  to  those  with  the  typical  or  greater  number  of 
parts  by  all  possible  transitional  forms.  The  greater  or  less 
degree  of  expansion  exhibited  by  the  floral  axis,  to  which  in  particular 
the  perigynous  and  epigynous  character  of  the  flowers  of  the  Eosaceae 
is  due,  has  been  in  large  measure  the  cause  of  the  variability  displayed 
by  Eosaceous  flowers  (Fig.  529).  In  the  simplest  cases  the  receptacle 
is  flat  or  cushion-shaped,  as  in  many  species  of  Potentilla,  and  bears  the 


Fig.  529. — Rosaceae.  Three  flowers  cut  through  longitudinally  to  show  ditt"erent  forms  of 
receptacles.  1,  Comantm  palustre ;  2,  AlchemiUa  alpina;  3,  Pirus  malus.  (After  Focke  in 
Natilrl.  Pflanzenfamilien.) 


perianth-leaves  and  stamens  on  its  margin,  while  the  carpels  are  in- 
serted on  its  surface.  In  other  cases,  as  in  the  Strawberry  and  Easp- 
berry,  the  central  portion  of  the  receptacle  is  prolonged  into  a  club- 
shaped  protuberance  to  which  the  carpels  are  attached  (Fig.  529,  1). 
In  other  cases,  again,  the  receptacle  is  extremely  concave,  cupular  in 
Prunus  and  AlchemiUa  (Fig.  529,  2),  urn-shaped  in  the  genus  Eosa. 
The  epigynous  flowers,  such  as  those  of  the  Apple  (Fig.  529,  3),  diff'er 
from  the  perigynous  flowers  with  concave  receptacles,  in  that  the 
carpels  are  adnate  to  the  wall  of  the  receptacle. 

The  fruit  is  sometimes  dry,  sometimes  fleshy.  If,  in  conformitj^ 
with  the  more  usual  custom,  only  the  product  developed  from  the 
carpels  after  fertilisation  is  termed  a  fruit,  a  Strawberry  must  be 
regarded  as  a  collection  of  numerous  nutlets  or  achenes,  and  an  A  pple 
as  a  spurious  fruit.  According  to  the  definition  of  a  fruit  which  has 
been  adopted  in  this  book,  in  which  the  conception  of  the  term  fruit  is 
made  to  correspond  with  that  of  the  flower,  the  receptacle,  as  being  part 
of  the  flower,  may  also  take  part  in  the  formation  of  the  fruit.  The 
Strawberry  may  thus  be  regarded  as  a  juicy  fruit  with  dry,  superficial 
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carpels  ;  while  the  Apple  may  be  described  as  a  berry.  In  other  cases 
the  fruit  is  capsular  as  in  Spiraea,  nut-like  as  in  Poterium,  or  drupa- 
ceous, e.g.  the  Cherry,  Raspberry,  and  Medlar. 

The  FiOsaceae  are  herbs  or  more  frequently  woody  plants,  usually 
with  conspicuous  flowers.  Their  leaves  are  very  often  pinnate,  with 
toothed  leaflets  ;  when  simple  they  are,  as  a  rule,  serrate  or  lobed, 
rarely  entire.  The  stipules,  which  are  scarcely  ever  absent,  are  some- 
times herbaceous,  sometimes  scale-like. 


Fig.  b2>0.— Pirns  communis.    1,  Flowering  branch  ;  2,  a  flower  cut  through  longitudinally  ; 
3,  longitudinal  section  of  fruit ;  4,  floral  diagram.    (After  Wossidlo.) 

Sub-Families. — 1.  Pomoidcae  (Fig.  530). — Flowers  epigynous  ;  fruit  a  berry. 
(«)  Carpels  in  the  fruit  parchment-like  :  Pirus  (inch  Sorhiis)  with  two  ovules, 
Cydonia  with  numerous  ovules  in  each  carpel,  {h)  Carpels  in  the  fruit  hard  and 
stone-like  :  3Iespilus,  Crataegus. 

2.  Rosoideae. — Flowers  perigynous  ;  carpels  enclosed  in  the  fruit  by  the  recep- 
tacle, (a)  Receptacle  becoming  hard  in  the  fruit ;  flowers  tetramerous,  small, 
destitute  of  corolla  :  Poterium,  polygamous  with  anemophilous  flowers  in  capitate 
inflorescences  ;  Sangiiisorba,  resembling  Poterium,  but  the  flowers  are  entomo- 
philous,  and  hermaphrodite  ;  Alchemilla,  flowers  with  epicalyx.  (&)  Receptacle  as 
in  (a),  flowers  pentamerous,  with  corolla  :  Agrimonia,  Hagenia.  (c)  Receptacle 
fleshy,  flowers  with  corolla  :  Rosa. 

3.  Ruboideae  (Fig.  531). — Flowers  perigynous  ;  receptacle  flat  or  convex,  with 
numerous  indehiscent  carpels  :  Potentilla,  with  dry  fruit ;  Fragaria,  fruit  when 
ripe  consisting  of  a  flesh}"  receptacle  with  dry  carpels  ;  Rubus,  carpels  drupaceous. 
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4.  Spiraeoicleae. — Flowers  perigynous  ;  receptacle  concave  ;  carpels  few,  when 
ripe  capsular  and  many-seeded  :  Spii^aea,  Quillaja. 

5.  Prunoideae  (Fig.  532).— Flowers  perigynous,  with  one  carpel  ;  fruit  a  drupe  : 
Prunus. 

6.  Chrysohalanoideac. — Flowers  frequently  zygomorphic. 

Geographical  Distribution. — The  Eosaceae,  although  distributed  over  the 
whole  globe,  are  chiefly  represented  in  the  Temperate  Zone  ;  in  the  Tropics,  with  the 
exception  of  the  Chrysohalanoideae,  they  are  confined  almost  entirely  to  the  high 
mountainous  regions.    The  Posaceae  have  contributed  largely  to  the  list  of  culti- 


FiG,  531. — Rnhns  fruticosus.     1,  Flowering  branch  ;  2,  longitudinal  section  of  a  flower  ;  ;!,  fruit ; 
4,  floral  diagram.    (After  Wossidlo.) 

vated  plants  :  the  Pear,  Pints  communis ;  the  Apple,  Pirus  Malus ;  the  Quince, 
Cydonia  vulgaris ;  the  Medlar,  3Iespilus  germanica ;  the  StraAvberry,  species  of 
Fragaria ;  the  Raspberry,  Blackberry,  etc.,  species  oi  Pubus ;  the  Wild  Cherry, 
Prunus  avium ;  the  Dwarf  or  Morello  Cherry,  Pr.  Cerasus ;  the  Wild  Plum,  Pr. 
domestical ;  the  Bullace  Plum,  Pr.  insititia ;  the  Apricot,  Pr.  armeniaca ;  the 
Peach,  Pr.  pcrsica ;  the  Almond,  Pr.  Amygdalus.  The  Rosaceae  include  also 
many  ornamental  plants,  e.g.  various  species  of  Rosa,  Crataegus,  Potentilla, 
Rubus,  Spiraea,  Kerria,  Prunus,  etc. 

Poisonous. — The  seeds  of  many  species  contain  prussic  acid,  although  usually 
not  in  dangerous  quantities,  if  eaten  when  first  ripe.  The  leaves  of  the  Cherry- 
Laurel  {Prunus  Lauroccrasus)  also  contain  prussic  acid,  and  when  eaten  they  act 
as  an  intoxicant. 
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Officinal. — Cydonia  vulgaris  affords  Semen  Cydoxiae,  Ro^enia  ahyssinica 
(a  dioecious  tree  native  of  Abj'ssiuia,  with  greenish  female  flowers  whose  epicalyx 
and  calyx  turn  red  after  fertilisation)  yields  Floees  Koso  (Fig.  528).    Rosae  Cex- 


FiG.  ba.—Prunus  Ccro^us.    1,  Flowering  brauch  ;  2,  a  flower  cut  througli  longitudinally  ; 
3,  fruit  in  longitudinal  section.   (After  Wossidlo.) 

TIFOLIAE  Petala  from  Bosa  centifolia  ;  Oleum  Rosae  from  Bosa  centifolia  and 
damasccna ;  SYEUPrs  Rubi  idaei  from  Faihus  idaeus ;  Amygdalae  dulces  and 
Amygdalae  amaeae  from  Prumis  Amygdalus  ;  Pulpa  peuxoeum  fromPr,  domes- 
tica  ;  Folia  Laueoceeasi  from  Pr.  Lo.urocerasus.  Quillaja  Saponaria  (an  ever- 
green dioecious  tree  indigenous  to  Chili  and  Peru)  yields  Coetex  Quillajae. 


Order  20.  Leguminosae 

Flowers  hypogynous  or  slightly  perigyxous,  actinomorpliic,  or 
more  frequently  zygomorphic  ;  perianth  usuall}'  pentamerous  ;  median 
sepal  anterior ;  andrcecium  diplostemouous,  rarely  consisting  of  an 
indefinite  or  reduced  number  of  stamens ;  gynoecium  of  one  carpel, 
generally  ^YITH  3L1XY  oyules  attached,  in  t\\'0  rows,  to  the 
YEXTRAL  SUTURE ;  fruit  usually  a  LEGOIE.  Seeds  mostly  without 
albumen.    Leaves  generally  rOMPOUXD,  stipulate. 

The  Lcgumiiiosa^,  with  actinomorphic  flowers,  resemble  the  monocarpellary 
Jlosaccac,  but  they  may  be  distinguished  from  them  by  their  unexpanded  or  only 
slightly  enlarged  receptacles,  and  by  their  fruit. 

The  structure  of  the  flower  is  also  as  varied  in  the  Legumimsae  as 
in  the  Bosiflorae.  The  Mimosaceae  have  actinomorphic  flowers ;  those 
of  the  Caesalpiniaceae  are  sometimes  only  slightly  in^egular,  sometimes 
more  distinctly  zygomorphic,  leading  by  gradual  transition  to  the 
highly  zygomorphic  flowers  of  the  Papilionaceae.    These  differences  in 
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the  structure  of  the  flowers  are  chiefly  due  to  the  various  forms  as- 
sumed by  the  corolla,  in  part  also  to  the  unequal  development  of  the 
androecium.  The  stamens  are  sometimes  straight,  sometimes  curved, 
united  or  free,  usually  ten  in  number,  but  at  times  reduced  by 
suppression  or  increased  by  division.  On  the  other  hand,  the 
gynoecium  and  flower-axis,  to  the  variability  of  which  the  diversity 
of  form  exhibited  by  the  flowers  of  the  Rosiflorae  is  so  largely  due, 


Fig.  biZ.— Acacia.  Senegal.  Flowering  branch  (nat.  Fir;.  534. — Cassia  acutifolia.  Leaf  and  inflor- 
size).  —  Officinal.  (After  A.  Meyer  and  escence.  —  Officinal.  (After  Berg  and 
Schumann.)  Schmidt.) 


are  very  uniformly  developed  in  the  Leguminosae,  and  take  but  small 
part  in  the  various  modifications  met  with  in  the  structure  of  the 
flowers. 

Unlike  the  flowers,  the  fruit  of  the  Leguminosae  almost  always  pre- 
sents the  same  structure.  In  the  majority  of  cases  it  is  a  many- 
seeded  legume,  rarely  a  dry  indehiscent  fruit,  or  it  may  be  a  berry  or 
drupe.  Even  when  thus  modified,  all  the  forms  of  the  fruit  bear  a 
certain  degree  of  resemblance  to  each  other. 

The  inflorescences  are  most  generally  racemose  ;  racemes,  spikes  or 
capitula,  with  in  all  cases  lateral  flowers.  The  leaves  are  scattered, 
usually  pinnate  or  bipinnate,  with  leaflets  either  entire  or  slightly 
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toothed,  never  deeply  lobed  or  incised.  Simple  leaves  are  of  rare 
occurrence  in  this  order,  and  are  usually  small. 

J  list  as  in  most  of  the  more  natural  orders,  the  attempt  to  divide  the  Lcgu- 
minosac  into  families  is  attended  with  difficulty,  as  the  extreme  forms  are  linked 

together  by  all  possible  intermediate  stages.  The 
whole  order  is  in  consequence  sometimes  regarded 
as  a  single  family,  in  Avhich  the  main  groups 
take  the  position  of  sub-families.  In  their  typical 
representatives,  however,  these  groups  are  so  char- 
acteristically developed  that  it  seems  best  to  con- 
sider them  as  distinct  families. 

Family  Mimosaeeae. — Flowers  actixo- 
MORPHIC  ;  corolla  absent,  or  if  present,  with 
petals  VALVATE  in  the  bud;  androecium 
haplostemonous,  diplostemonous,  or  poly- 

STEMONOUS,  USUALLY  ^YITH  FREE  STA3IENS  ; 

embryo  straight  (Fig.  533). 

This  family  consists  for  the  most  part  of  shrubs, 
lianes  or  small  trees,  with  doubly  pinnate  leaves, 
or,  as  in  many  Australian  species,  with  phyllodia 
((/.  p.  46).  The  flowers  are  small,  in  dense 
heads  or  spikes,  whose  bright,  usually  yellow, 
colour  is  due  to  the  long  stamens  which  project 
beyond  the  inconspicuous  perianth.  The  more 
important  genera  are  Acacia  and  Mimosa.  Both 
genera  are  largely  represented  in  the  Tropics. 
Mimosa  pudica,  the  Sensitive  Plant,  belongs  to  this 
family  ;  it  is  sometimes  cultivated  in  hot-houses, 
but  in  its  native  land  it  is  a  troublesome  and  Avorth- 
less  weed.  In  Australia  the  Mimosaeeae  occuj^y  an 
important  position,  and  together  with  Eucalj-ptus 
trees  tliey  form  the  chief  part  of  all  the  woody 
vegetation,  Avhile  in  the  dry  regions  of  South  Africa, 
in  the  form  of  thorny  shrubs  {e.g.  Acacia  Jiorricla), 
they  often  constitute  the  only  woody  plants. 

Officixal. — Acacia  Senegal,  a  shrub  native  of 
the  Nile  countries  and  Senegal,  yields  Gummi 
ARABICUM.  The  gum,  which  is  formed  by  the  dis- 
organisation of  the  stem-parenchyma,  exudes  as  a 
thick  fluid  from  wounds  in  the  stems,  and  after- 
wards hardens.  Catechu  is  an  extract  made  from 
the  heart-wood  of  Acacia  Catechu  and  A,  Suma  (East  Indian  trees). 


Fig.  535. — Tamo.rindus  indica. 
Fruit  in  longitudinal  section. 
M,  The  fleshy  niesocarp.— O/-/-/- 
CIXAL.       (After     Berg  and 

!SCHMIDT.) 


Family  Caesalpiniaeeae. — Flowers  more  or  less  zygomorphic  : 
corolla  sometimes  absent,  when  present,  not  at  all  or  only  imper- 
fectly PAPILIONACEOUS,  with  ASCENDING  IMBRICATE  .ESTIVATION 
{i.e.  the  posterior  petal  overlapped  by  the  others) ;  androecium  with 
FREE  STAMENS,  often  REDUCED.     Embryo  STRAIGHT  (Figs.  534,  535). 
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The  Caesalpiniaceae  are  shrubs  or  trees,  and,  unlike  the  Pcqnlionaceae,  often  have 
bipinnate  leaves.  The  flowers  may  be  large  or  small.  Their  corolla  is  variously 
constructed,  sometimes  actinomorphic  {e.g.  Cassia,  the  zygomorphic  character  of 
whose  flowers  is  due  to  the  andrcecium),  sometimes  strongly  zygomorphic  {Tam- 
arindus),  but  very  rarely  somewhat  papilionaceous  {Cercis  Siliquastrum).  The 
members  of  this  family,  whose  largest  genus  is  Cassia,  are  ahnost  exclusively 
tropical.  The  coloured  heart-wood  of  many  species  gives  them  a  great  technical 
value  (Logwood  from  Haematoxylon  camiieehianum,  Pernambuco  or  Brazil  Wood 
from  Caesalpinia  hrasiliensis).  The  Judas-tree  {Cercis  Siliquastruni)  from  Southern 
Europe  (with  flowers  springing  directly  from  the  stem),  and  the  Honey  Locust 
{Gleditschia  triacanthos)  from  North  America,  are  often  cultivated  in  parks  and 
gardens. 

Officinal. — Folia  Sennae,  the  leaflets  of  Cassia  acutifolia  (F.  S.  Alex- 
AXDRIXAE,  from  tropical  East  and  Central  Africa)  and  of  Cassia  angustifolia  (from 


Fig.  536. — Lotus  corniculatus.    1,  Flowering  branch;  2,  a  flower;  3,  androeciuni  and  gynoeciiun  ; 
4,  carpel ;  5,  fruit ;  6,  corolla  ;  o,  standard  ;  b,  wings  ;  c,  keel ;  7,  floral  diagram.  (After 

WOSSIDLO.) 

tropical  East  Africa  and  Arabia  ;  Tinnevelly  Senna,  from  plants  of  the  same 
species  cultivated  in  Southern  India).  The  officinal  species  of  Cassia  are  shrubs 
with  yellow-flowered  racemes  (Fig,  534).  The  balsam -canals  in  the  Avood  of 
Copaifera  guianensis  and  C.  officinalis  (trees  of  tropical  America)  contain  Balsa- 
MFM  COPAIVAE,  Rliatany  Root,  Rad.  Ratanhiae,  is  obtained  from  Krameria 
triandra,  a  Peruvian  shrub.  Lignum  Haematoxyli  is  the  heart- wood  of  Haema- 
toxylon campechianum  (South  America).  Pulpa  Tamarindorum  is  the  preserved 
fleshy  mesocarp  of  the  fruit  of  the  Tamarind-tree,  Tamarindus  indica  (Fig.  535). 

Family  Papilionaeeae. — Flowers  strongly  zygomorphic,  papil- 
ionaceous ;  corolla  with  DESCENDING  IMBRICATE  .ESTIVATION  {i.e. 
the  posterior  petal  enclosing  the  others  in  the  bud) ;  andrcecium 
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Fig.  537. — risum  sativum. 
pinnate  leaf;  r,  tendril 
stipules. 


always  diplostemonoiis,  monadelphous  or  more  frequently  diadelphous. 

the  posterior  stamen  beino: 
free  ;  the  embrvo  curved 
(Figs.  536-539). 

The  Papilionaceae  com- 
prise both  herbs  and  woody 
plants  :  many  are  stem-  or 
tendril-climbers.  The  leaves 
are  generally  oddly  pinnate. 
The  flowers  are  usually  dis- 
posed in  racemes,  more 
rarely  in  heads ;  except  in 
some  few  genera  which 
stem;  h,  leaflets  of  the  approach  more  nearly  the 
a,  axis  of  floral  shoot:  «,  Caesaljjiuiaccae  {e.g. Tohdfcra), 
they  are  characterised  by 
papilionaceous  corollas  (Fig.  536).  The  posterior  petal  is  much  enlarged 
and  is  termed  the  standard 
(^^EXILLUm);  the  two  lateral 
petals  represent  the  WIXGS 
(al.e),  while  the  two  an- 
terior are  usualh*  united 
by  their  lower  margins,  and 
together  form  the  keel 
(carina).  In  the  bud  the 
wino^s  are  enclosed  bv  the 
standard,  the  keel  by  the 

wings  (DESCENDING,  IMBRI- 
CATE .estivation)  ;  in  the 
Caesalpiniaceae  the  sestiva- 
tion  is  in  exactly  the  re- 
verse order  (ascending). 
The  stamens  in  most  cases 
curve  upwards.  The  cohe- 
sion of  the  filaments 
does  not  generallj'  extend 
throughout  their  whole 
length,  so  that  their  upper 
ends  are  usually  free. 
Stamens  wholly  free  are 
found  only  in  a  few  excep- 
tional genera,  such  as 
Toluifera.  The  legumes 
commonly  have  a  parch- 
ment-like wall ;  dry  indehiscent  fruits  rarelj'  occur 
succulent  fruits  never. 


Fig.  53S. — CoroniUa  iv.rio.  (nat.  size).— Po/.?0-Vor5. 


in  this  familv  : 
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Sub-Families. — 1.  Genistoideae. — Leaves  entire,  simple  or  pinnate,  stamens 
usually  united.    Lupinus  (Lupine),  Cytisus  (Laburnum),  etc. 

2.  TrifoUoideae. — Leaves  usually  pinnate  with  toothed  leaflets,  fruit  inde- 
hiscent.  TrifoUum  (Clover,  Trefoil),  with  persistent  perianth  ;  Medicago  (Medick), 
with  deciduous  corolla  and  sickle-shaped  or  spirally-twisted  legumes  ;  Trigonella 
(Trigonel)  ;  Melilotus  (Melilot,  Sweet  Clover),  with  flowers  in  loose  racemes  and 


Fig.  b2,9.— Cytisus  Laburnum.    Flowering  branch  and  young  legumes  (|  nat.  size).— Po/,s'OXor,sr. 

small,  elongated  or  globular  legumes  ;  Ononis  (Rest-Harrow),  with  monadelphous 
stamens. 

3.  io^o^V^eae.— Stamens  diadelphous.  AnthylUs  (Kidne j-Y etch)  ;  Lotus  {Bird' s- 
foot  Trefoil),  etc. 

4.  Galegoideae. — Leaves  imparipinnate.  Astragalus  (Milk-Vetch),  with  legumes 
imperfectly  sej)arated  by  a  false  dissepiment ;  RoMnia  (Locust-tree),  etc. 

5.  Hedysaroideae. — Stamens  diadelphous  ;  fruit  a  jointed  legume  or  loment. 
Coronilla,  Hedysarum,  Desmodium  (Tick-Trefoil)  ;  Onobrychis  (Sainfoin)  ;  Arachis 
{A.  hypogaea,  the  Pea-nut),  etc. 

6.  Vicioideae. — Leaves  paripinnate,  often  terminating  in  tendrils  (Fig.  537). 
Vicia  (Vetch),  leaves  with  many  leaflets  ;  Latliyrus  (Vetchling),  usually  with  only 
two  leaflets  ;  Pisurn  (Pea),  etc. 

2  T 
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7.  Phaseoloideac. — Climbing  plants  ;  leaves  usually  imparipinnate,  frequently 
ternate.    Physostigma  {Officinal)  ;  Phaseolus. 

Geographical  Distribution. — The  large  family  of  tlie  Papilionaceae  is  not 
exclusively  confined  to  any  zone.  The  steppes  of  Western  Asia  are  especially  rich 
in  Papilionaceous  plants,  represented  in  particular  by  shrubby  species  o^  Astragalus, 
from  which  gum-tragacanth  is  obtained.  The  leaflets  of  the  pinnate  leaves  of  the 
Tragacantli  shrubs  eventually  fall  off  from  the  main  stalks,  which  remain  attached 
to  the  stems,  and  resemble  long  thorns.  The  gum  is  produced  by  the  disorganisa- 
tion of  the  stem-parenchyma,  and  exudes  as  a  viscous  fluid  when  incisions  are 
made  in  the  stems.  The  most  important  cultivated  plants  are — Pisum  sativum, 
the  Pea  ;  Phaseolus  vulgaris,  the  common  Kidney  or  French  Bean  ;  Vicia  Faha,  the 
Broad  Bean  ;  Ervum  Lens,  the  Lentil ;  Dolichos  Soya,  the  Soja  (Soy)  Bean  of 
Japan  and  China  ;  Indigofera  species.  Indigo  (Tropics). 

Poisonous. — The  seeds  of  the  Laburnum,  Cytisus  Laburnum  (Fig.  539),  a 
small  tree  indigenous  to  the  Alps,  sometimes  cultivated  in  gardens.  It  is  character- 
ised by  its  ternate  leaves,  and  by  its  racemes  of  large,  yellow  flowers  and  many- 
seeded  legumes.  The  other  species  of  the  same  genus,  C.  alpinus,  C.  purx>iireus, 
C.  Weldini,  C.  bifloriis,  have  also  toxic  properties.  Coronilla  varia  (Fig.  538),  an 
herbaceous  plant  with  umbels  of  rose-coloured  flowers,  is  also  considered  poisonous, 
and  the  familiar  ornamental  climber,  Wistaria  sinensis. 

Officinal. — Astragalus  species,  from  which  Tragacantha  is  obtained.  The 
stolons  of  Glycyrrhiza  glabra,  an  herbaceous  perennial  of  Southern  Europe,  con- 
stitute Licorice  Root,  Had.  Liquiritiae  ;  from  the  roots  of  the  variety  glandu- 
lifera  (Russia)  Rad.  Liquir.  mundata  is  procured.  From  Melilotus  altissimus 
and  M.  officinalis  is  obtained  Herba  Meliloti  ;  from  Ononis  spinosa,  Rad. 
Ononidis.  From  the  seeds  (Calabar  beans)  of  Physostigma  venenosum,  a 
climbing  plant  of  Western  Africa,  is  derived  the  alkaloid  Physostigminum, 
The  stems  of  Andira  Araroba,  a  tree  native  of  Arazil,  contain  Chrysarobinum 
in  the  form  of  a  powdery  excretion.  The  heart-wood  of  Pterocarpus  santalinus,  an 
East  Indian  tree,  yields  Red  Sandalwood,  Lignum  Santali  rubrum  (Pterocarpi 
Lignum).  Toluifera  Balsamum,  a  tree  growing  in  South  America,  has  cortical 
balsam-canals  which  yield  the  Balsam  of  Tolu,  Balsamum  tolutanum  ;  Balsamum 
peruvianum,  the  Balsam  of  Peru,  is  supplied  by  Toluifera  Pereirae  (San  Salvador). 

Order  21.  Myrtiflorae 

Flowers  perigynous  or  epigynous,  usually  actinomorphic  ; 
perianth  mostly  tetramerous  ;  androecium  variable ;  gynoecium 
ENTIRELY  SYNCARPOUS ;  ovary  septated ;  seeds  devoid  of  albumen. 
Leaves  generally  OPPOSITE  and  exstipulate. 

The  flowers  of  the  Myrtiflorae  are  very  similar  to  those  of  the 
Rosiflorue.  Both  orders  are  characterised  by  the  variability  disj^layed 
in  the  structure  of  their  flowers.  In  both  orders  the  flowers  are 
actinomorphic,  perigynous  or  epigynous,  and  have  a  tendency  to 
increase  the  number  of  their  parts  by  splitting,  particularly  in  the 
androecium,  which  in  consequence  becomes  polyandrous  in  the  majority 
of  the  Myrtiflorae^  just  as  in  Rosiflorae.  The  main  difference  in  the 
structure  of  the  flowers  of  the  two  orders  is  exhibited  in  the  gynoecium, 
which  in  the  Rosiflorae  consists,  at  least  in  the  stigmatic  region,  of 
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free  carpels,  while  in  the  Myrtiflome,  with  the  exception  of  the 
group  Haloragidaceae,  the  union  of  the  carpels  is  complete,  extending 
also  to  the  stigmas. 

The  vegetative  organs  of  this  order  in  no  wise  resemble  those  of 
the  Rosifiorae.    The  Myrtiflorae,  on  the  contrary,  have  usually  opposite, 
entire  leaves,  never  compound ;  the  leaves  also  are  either  exstipulate, 
or  the  stipules  are  small  and  fugacious.  In 
this  order,  unlike  the  Bosiflorae,  many  of  the 
plants  possess  internal  glands,  which  secrete 
ethereal  oils. 

Family  Onagraeeae. — Flowers  epigyn- 
ous,  actinomorphic,  tetramerous  through- 
out ;  stamens  DiPLOSTEMONOUS  (Figs.  540, 
541). 


Fig.  540. — Floral  diagram  of 
Oenothera  (Onagroceae). 


The  Onagraceae  include  only  herbs  and  shrubs. 
Their  flowers  are  usually  large  and  conspicuous,  hav- 
ing often  an  elongated,  tubular  receptacle.    Their  fruit  is  many-seeded,  and  may 
be  either  dry  or  juicy. 

Repeesentative  Genera, — EpiloMum  (Willow-herb)  has  a  capsular  fruit  with 
hairy  seeds  ;  Circaea  (Enchanter's  Nightshade),  with  two-ranked  leaves,  fruit  a 
nut ;  Trapa  (Horn-nut)  ;  Oenothera  (Evening  Primrose)  ;  Fuchsia  (Fig.  541),  with 
corollaceous  calyx  and  tubular  receptacle,  cultivated.    These  are  chiefly  represented 

in  Northern  Europe  by  the  red- 
flowered  species  oi  Epilohium,  which 
grow  in  damp  places  and  on  river- 
banks  ;  and  by  two  large  yellow- 
flowered  species  of  Oenothera  from 
North  America. 

Geographical  Distribution. 
— The  Onagraceae  are  native  chiefly 
of  the  temperate  zones  of  North 
and  South  America. 

Family  Haloragidaceae. — 
Flowers  very  small  and  reduced,  with 
FREE  stigmas  ;  sccds  with  endo- 
sperm :  e.g.  3'Iyriophyllurii  (Water 
Milfoil)  and  Hqjpuris  (Mare's-tail), 
aquatic  plants  growing  partially  or 
wholly  submerged. 

Family  Lythraeeae. — 

Flowers  perigynous,  regular 
or  zygomorphic,  in  perianth 
and  androecium  HEXAMEROUS, 


Fuchsia  glubuaa.    Flowers  (nat.  size). 


DIPLOSTEMONOUS  ;  gynoecium  of  two  to  six  carpels. 


This  family  occurs  for  the  most  part  in  tropical  America,  and  contains  chiefly 
herbs,  rarely  shrubs  or  trees.  The  flowers  are  usually  small,  either  apetalous  or 
provided  with  a  red  or  violet  corolla  ;  they  produce  a  dry  indehiscent  fruit.  The 
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Spiked  Loosestrife,  Lythruni  Salicaria,  a  plant  growing,  like  most  of  the  family, 
in  wet  meadows  and  swamps,  is  an  interesting  representative  of  this  family  on 
account  of  its  heterostyled  (trimorphic)  flowers. 

Family  Punicaceae. — Comimsing  only  the  genus  Punica,  with  two  species. 

Punica  Granatum,  the  Pomegranate,  is  a  small  tree  with  scattered,  entire  leaves; 
it  grows  wild  in  the  East,  but  is  frequently  cultivated  in  Southern  Europe.  The 
flowers  are  epigynous  ;  they  have  fleshy,  red  receptacles,  five  to  eight,  also  red 
and  fleshy  sepals,  and  an  equal  number  of  bright  red  petals,  which  are  crumpled  in 
the  bud ;  numerous  stamens  ;  numerous  united  carpels  disposed  in  two  whorls. 
The  fruit  is  a  berry  ;  it  retains  the.  persistent  calyx,  and  is  filled  with  numerous 
seeds,  whose  succulent  testa  represents  the  edible  portion  of  the  fruit. 

Officinal. — Fitnica  Granatum,  from  which  is  obtained  Cortex  Granati. 

Family  Melastomataceae. — Flowers  like  those  of  the  Onagraceae,  or  perigynous ; 
anthers  usually  with  appendages  and  opening  by  pores  ;  leaves  with  curved, 
longitudinal  nerves.  A  very  large  family  of  tropical  plants,  particularly  abundant 
in  South  America,  where  they  are  represented  by  a  nimiber  of  beautiful  flowering 
shrubs. 

Family  Myrtaeeae. — Flowers  epigynous,  actinomorphic,  with  four- 
to  five-merous  perianth  and  usually  numerous  stamens.  Evergreen 
woody  plants  containing  ethereal  oils  (Fig.  542). 

The  plants  comprised 
in  this  family  are  shrubs 
or  trees,  which  are  pro- 
vided in  all  their  organs 
with  roundish  glands 
containing  ethereal  oils, 
which  give  them  an  aro- 
matic odour.  The  pos- 
session of  ethereal  oils 
is  the  most  distinctive 
characteristic  of  the 
family.  The  leaves  are 
opposite,  entire,  and  of 
an  elliptical  shape.  The 
flowers,  which  always 
have  both  a  calyx  and 
corolla,   are  solitary  or 

Fig.  b^2.-Eugenia  caryophyllota.     1,  Flowering  branch  ;  2,    clustered,  and  oftCU  VCrV 
flower  cut  through  longitudinally;  3,  fruit.— 0/-/7C7.v.i£.  .  _ 

(After  WossiDLo.)  conspicuous.    ihe  corolla 

is  usually  white ;  it  is 
sometimes  reduced,  and  its  function  as  an  organ  of  attraction  is  assumed 
by  the  androecium,  which  acquires  for  this  purpose  a  bright,  usually 
red  colour.  Some  species  have  haplostemonous  or  obdiplostemonous 
androecia  ;  from  such  species,  as  is  apparent  from  the  transitional  forms, 
those  with  polyandrous  androecia  have  been  developed  by  the  division 
of  the  stamen-rudiments.  The  fruit  is  succulent  or  capsular,  rarely 
nut-like. 
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The  Myrtaceae  are  confined  to  warmer  countries,  Europe  possesses  the  single 
species  Myrtus  communis,  the  Myrtle.  This  family  is  especially  characteristic  of  the 
Flora  of  Australia,  in  which  it  forms  the  most  striking  feature  as  regards  the  number 
of  species  and  individuals,  including,  in  particular,  the  Eucalyptus  tree,  which 
often  attains  a  greater  size  than  even  the  giant  Conifers  of  California.  Of  late  years 
Eucalyptus  trees  have  been  largely  planted  in  all  warm,  malarial  countries.  On 
account  of  their  wonderful  rapidity  of  growth,  they  absorb  large  quantities  of 
water,  and  thus  both  drain  the  soil  and  purify  the  air.  In  the  Tropics  also,  as 
forest  trees,  the  Myrtaceae  occupy  an  important  position.  Many  produce  delicious 
fruit,  e.g.  Guava,  Psidium  Guava.  From  other  species  spices  are  obtained.  Cloves 
are  the  fiower-buds  of  Eugenia  caryophyllata,  a  small  tree  indigenous  to  the 
Moluccas,  but  cultivated  in  most  tropical  countries  (Fig.  542)  ;  the  stalk  of  the 
clove  corresponds  to  the  receptacle  of  the  flower.  The  fruit  of  another  tree  of  the 
same  genus,  E.  Fimenta,  is  known  as  allspice. 

Officinal. — Caryophylli  (Cloves),  from  Eugenia  caryojjhyllata. 

Hysterophyta 

This  group,  which  is  merely  provisionally  established,  includes 


Fig.  5^3.—Asamm  europcwum.    I,  Flowering  shoot ;  2,  flower  cut  through  longitudinally  ;  3,  floral 
diagram.    (After  Wossidlo.) 

chiefly  plants  that  are  parasitic,  and  which  are  on  that  account 
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regarded  as  of  recent  origin.  Flowers  epigyuous,  with  simple  or 
double  perigone. 

Family  Aristoloehiaeeae. — Flowers  actinomorphic  or  more  fre- 
quently ZYGOMORPHic  :  with  simple  corollaceous  perigone  consisting  of 
three  coherent  members  :  andrcecium  usually  of  six  or  twelve  stamens, 
which  are  either  free  or  united  to  the  style  (gynostemium) ;  ovary  four- 
to  six-locular ;  fruit  a  capsule.    Herbs  and  lianes  not  parasitic. 

This  family  comprises  chiefly  tropical  plants  with  cordate  or  reniform  leaves, 
represented  in  Europe  and  North  America  by  the  genera  Asarum  (Asarabacca, 
Wild  Ginger)  and  Aristolochia  (Birthwort).     The  European  species  of  Asarum, 

A.  europaea  (Fig.  543),  is  a  small 
herb  with  brown  flowers,  having 
an  actinomorphic  perigone  and 
free  stamens.  An  example  of  the 
genus  Aristolochia  is  aftbrded  by 
A.  Chmatitis,  a  large  perennial 
whose  flowers  have  a  zygomorphic 
perigone  and  a  gynostemium. 
Aristolochia  sipho,  the  Pipe-Yine 
of  Xorth  America,  is  a  fi"equently 
cultivated  climber. 

The  two  families,  Rafiaesiaceae 
aud  Balanophoraceae,  are  leafless, 
often  Fungus-like,  root  parasites 
entirely  devoid   of  chlorophyll. 
The  fii'st- named  family  has  soli- 
tary flowers,  often  of  an  enormous 
Fig.  5U.—Vlscum  album.    1,  Part  of  shoot  with  female   size.      The    flowers    of  JiarHcsi^ 
flowers  and  fruit;  2,  group  of  flowers;  3,  a  male  ArnoJdi  (Sumati'a)  are  the  largest 
flower ;  4,  female  flower  cut  through  longitudiually  ;  flowers,  attaining  a  diameter 

5,  longitudinal  section  of  ivmt.—Poisoyocs.    (After     ^  ,        ^       mi      ^  x-  xi 

Wossu)Lo )  01  1  metre,    ihe  flowers  oi  the 

Balanophoraceae,  on  the  other 
hand,  are  small  and  aggregated  into  dense  heads  or  spikes.  Both  families  are 
almost  exclusively  confined  to  the  Ti'opics, 

Family  Santalaceae. — Flowers  actinomorphic  ;  with  a  small  greenish  simple, 
trimerous  or  pentamerous  perigone  ;  androecium  of  a  like  number  of  stamens  ; 
ovary  unilocular,  with  three  ovules  attached  to  a  free  central  placenta. 
Seeds  withoi't  seed-coats.    Terresti'ial  paeasites  with  leaves. 

The  plants  included  in  this  family  are  chiefly  tropical,  represented  by  herbs 
and  shrubs  with  inconspicuous  flowers.  Provided  with  leaves  and  growing  on  the 
ground,  they  absorb  a  large  part  of  their  food  ;  their  roots,  however,  develop 
haustoria,  which  penetrate  the  roots  of  other  plants,  e.g.  Tlicsium  linophylluni,  the 
Bastard  Toad-flax. 

Officinal. — Santalum  album,  a  parasitic  tree  growing  in  East  India,  yields 
the  valuable  scented  Sandal-wood,  ft-om  which  oil  of  sandal-wood,  Oleum  Santali, 
is  obtained  by  distillation. 


Family  Lopanthaeeae. — Flowers  actinomorphic,  with  double, 
corollaceous  or  calycoid,  two- to  three-merous  perigone  ;  andrcecium 
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diplostemonous  ;  ovary  usually  without  distinctly  differentiateI) 
OVULES  or  PLACENTA.    Leafy  shrubs  parasitic  on  trees  (Fig.  544). 

The  plants  of  this  family  are  mostly  tropical.  Loranthus  europaeus  occurs 
upon  Oaks  in  Eastern  Europe.  Viseum  album,  the  European  Mistletoe,  is  a  small 
evergreen,  dichotomously  branching  shrub,  parasitic  upon  various  species  of  trees. 
It  absorbs  its  nourishment  by  means  of  haustoria  consisting  of  root-like  strands 
concealed  between  the  cortex  and  Avood  of  the  host-branch.  The  white  berries 
produced  by  the  female  plants  are  eaten  by  birds,  Avliich  in  freeing  their  bills  of  the 
sticky  endocarp,  by  wiping  them  on  the  bark  of  trees,  are  at  the  same  time  instru- 
mental in  distributing  the  seeds. 

Poisonous. — The  berries  of  Viscum  album  when  eaten  by  children  have  been 
known  to  produce  symptoms  of  poisoning. 


B.  Sympetalae 

Perianth  consisting  of  a  calyx  and  an  almost  always  sympetalous 
corolla. 

The  flowers  are  always  cyclic,  and  in  the  majority  of  cases  con- 
structed, actually  or  theoretically,  according  to  the  formula  K5, 
C(5),  A5,  G(2).  The  stamens  are  generally  inserted  on  the 
corolla.  The  fact  that  the  gynoecium  consists  typically  of  only  two 
carpels,  must  be  regarded  as  the  result  of  reduction,  as  flowers  with 
five  carpels  sometimes  occur.  To  the  Sympetalae  belong  the  following- 
orders  :  Ericinae,  Diospyrinae,  Primulinae,  Contortae^  Tuhiflorae,  Person- 
atae,  Labiatiflorae,  Buhiinae,  Campanulinae,  Aggregatae. 

Order  1.  Ericinae 

Flowers  usually  hypogynous,  actinomorphic ;  formula,  Kn,  Cn, 
A2n,  G(n),  in  which  n  is  usually  5  ;  corolla  sometimes  choripetalous ; 
androecium  obdiplostemonous,  not  adnate  to  the  corolla  ;  pollen 
usually  in  tetrads ;  ovary  multilocular.  Leaves  needle-shaped  or 
lanceolate. 

Of  all  the  Sympetalae  the  Ericinae  approach  most  closely  the 
Choripetalae,  not  unfrequently  having  free  petals,  while  the  stamens  are 
inserted  directly  on  the  receptacle.  They  form  a  very  natural  group, 
whose  close  affinity  is  exhibited,  not  only  in  the  structure  of  the 
flowers,  but  also  in  the  vegetative  organs.  The  axes  are  nearly 
always  woody,  usually  comparatively  short,  and  branching  profusely 
close  to  the  ground.  The  leaves  are  generally  small  and  entire,  in 
most  cases  leathery  and  evergreen.  The  flowers  are  always  adapted 
to  insect-pollination ;  they  are  often  quite  small,  but  in  that  case  are 
aggregated  in  conspicuous  racemes,  usually  of  a  white  or  crimson 
colour.    The  seeds  are  small. 
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*    Family  Ericaceae. — Flowers  hypogynous  or  epigynous ;  corolla 
usually  SYMPETALOUS  ;   stamens  free ;  anthers  opening  by  pores  or 
short  slits ;  ovary  with  completely  separated  loculi  ;  placentae 
not  greatly  thickened.    Seeds  with  segmented 
embryo  (Figs.  545-547). 

The  anthers  of  many  plants  of  this  family 
have  horn-like  appendages  (Fig.  547) ;  the 
whole  order  is  therefore  sometimes  inappro- 
priately named  Bicorms.  At  their  upper 
extremities  the  thecse  are  usually  free  and 
divergent.  The  pollen-grains  adhere  in  tetrads. 
The  fruit  is  a  capsule,  berry,  or  drupe,  con- 
taining very  small  seeds  with  abundant  endo- 
sperm. As  regards  the  vegetative  parts,  the 
Ericaceae  are  typical  of  the  order. 


-Floral  diagrau 
imn  (Ericaceae), 


of 


Sub-Families.— (1)  Rhododcndroidcae.  Flowers  hypogynous  ;  corolla  fugaciovis  ; 
anthers  without  appendages  ;  septicidal  ca2)sules.  Ledum,  Rhododendron,  Azalea, 
etc.  (2)  Arhutoideac.  Flowers  hyj^o. 
gynous  ;  corolla  fugacious  ;  anthers 
mostly  appendiculate  ;  locucidal  caj^sules 
or  succulent  fruits.  Andromeda,  Arcto- 
staphylos,  etc.  (3)  Ericoideae.  Flowers 
^^ypogynous  ;  corolla  persistent ;  anthers 
mostly  appendiculate ;  fruit  a  cajisule. 
Calluna,  calyx  longer  than  the  corolla  ; 
capsules  septicidal.  Erica,  calyx  shorter 
than  the  corolla  ;  capsules  locucidal. 
(4)  Vaccinioideae.  Flowers  epigynous  ; 
fruit  a  berry.     Vaccinium,  etc. 

Geoghaphical  Distribution.— The 
plants  included  in  this  family  are  found 
widely  distributed  over  the  whole  earth. 
Species  of  Ericoideae  known  as  Heather, 
Calluna  vulgaris  (Fig.  546),  and  different 
species  of  Erica,  cover  wide  stretches 
of  dry  ground  (heaths)  in  Central  and 
Western  Europe  with  a  thick  bed  of 
vegetation. 

The  various  species  of ^Vfca,  frequently 
cultivated  as  jjot- plants,  are  mostly  from 
Southern  Africa,  where  this  genus  is 
very  largely  represented  and  exhibits  a 
wonderful  richness  of  colour. 

Poisonous. — The  species  of  Rhodo- 
dendron and  Azalea  contain  toxic  prin- 
ciples in  all  their  organs.    The  incautious  use  of  Ledum  j^alustre  (Herba  Eosmarini 
silvestris)  has  often  had  fatal  consequences.    It  is  a  small  shrub  with  umbels  of 
white  flowers  and  linear  leaves  covered  on  the  under  side  with  rusty  broAvn  hairs. 

OYY\<^Y^KL.—Arctostwpliylos  Uva  ursi,  the  Bearberry  (Fig.  547),  a  small  ever- 


(J.  546.— 
branch  ; 
loiigitiuli 
floral  (lia, 


Calluna  vulgaris.  1,  Flowering 
2,  flower ;  3,  flower  cut  through 
lally  ;  4,  fruit  after  dehiscence ;  5, 
;rani.    (After  Wossidlo.) 
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green  shrub  with  bright  red  campanulate  flowers  and  small  red  drupes,  yields 
Folia  Uvae  Ursi. 


Fig.  547. —Arctostaphylos  Uva  iirsi.    1,  Flowering  branch  ;  2,  flowers  in  longitudinal  section  ;  3, 
pollen-grains  ;  4,  fruit ;  5,  fruit  in  transverse  section.— O/'/YC/w.ii.    (After  Berg  and  Schmidt.) 

Family  Pypolaeeae. — As  in  the  preceding  family,  except  that  the 
placentse  are  very  fleshy  and  the  embryo  NOT  SEGMENTED.  Humus- 
plants  with  or  without  chlorophyll :  e.g.  Pyrola  (Winter-green),  ever- 
green perennials  w^ith  racemes  of  white  flowers ;  Monotropa  (Indian 
Pipe),  devoid  of  chlorophyll. 

Order  2.  Diospyrinae 

Flowers  actinomorphic  ;  Ku,  Cn,  A2n,  G(n),  where  n  is  usually  4  or  5  ; 
andrcecium  adxate  to  the  corolla,  diplostemonous,  or,  by  suppression,  haplo- 
stemonous  ;  ovary  MVLTiLOcrLAR,  with  only  one  or  few  ovules  in  each  loculus. 
Evergreen  woody  plants. 

Family  Sapotaceae.  —  Flowers  hypogynous.  Tropical  trees  Avith  latex  in 
secretory  cells. 

Officinal. — Gftta-perchAj  the  dried  latex  of  species  of  Palaquium  (Malay 
Archipelago), 

Family  Styracaceae.— Flowers  perigynous  or  epigynous.  "Without  latex. 
Chiefly  tropical. 

Officinal. — Benzoixum,  a  resin  procured  by  making  deep  incisions  in  the 
bark  of  Styrax  Benzoin. 

Order  3.  Primulinae 

Flowers  hypogynous,  actinomorphic,  K5,  Co,  A5,  G(5) ;  andrce- 
cium adnate  to  the  corolla,  epipetalous  ;  ovary  UNILOCULAR,  with 

FPvEE  CENTRAL  PLACENTATION. 

The  Primulinae  exhibit  the  greatest  diversity  in  their  vegetative 
structure.  Constant  characters  appear  only  in  the  flowers,  which, 
however  difl'erently  shaped  and  grouped,  always  have  an  epipetalous 


Fig.  548. — Primulaceae.        Fio.  5i9.—Anagallisarvensis.   1 ,  Flowering  branch ;  2,  a  flower  cut  through 
Floral  diagram  (Pri-  longitudinally,  showing  the  central  placenta;  3,  capsule;  4,  seed. — 

viula).  Poisoxors.   (After  Wossidlo.) 


Fig.  550. — Cyclamen  eiiropacum.    A,  entire  iilant ;  B,  fruit. — Poisoxoi's.    (After  Reichexbach.) 
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androecium  and  a  unilocular  ovary  with  a  central  placenta.  Of  all 
the  other  Sympetalae,  the  Utriculariaceae  alone  have  similar  placentae. 

Family  Primulaeeae. — Calyx  herbaceous  ;  style  simple  ;  ovules 
NUMEROUS;  fruit  a  capsule  (Figs.  548-.550). 

The  plants  of  this  family  are  for  the  most  part  small  herbs.  The 
flowers  are  sometimes  small  and  inconspicuous,  sometimes  large  and 
beautifully  coloured ;  they  are  either  solitary  or  grouped  in  inflores- 
cences. The  capsules  split  at  the  apex  into  valves,  or  the  whole  top 
falls  off*  like  a  lid. 

Represextatite  Genera. — Primula  (Primrose,  Cowslip),  with  rosette  of 
radical  leaves,  and  flowers  in  umbels  ;  corolla  with  long  tube  ;  capsule  opening  by 
valves.  Aiidrosace,  like  the  preced- 
ing, except  that  the  corolla  has  a 
shorter  tube.  LysimacMa  (Loose- 
strife, Moneywort),  stems  with  well- 
developed  internodes  and  leaves. 
Aiiagallis  (Pimpernel),  fruit  a  r>yxi- 
dium,  dehiscing  transversely  by  a 
lid  (Fig.  549). 

Geographical  Distributiox. — 
Most  of  the  members  of  this  family 
are  indigenous  to  the  Temperate  and 
Arctic  Zones  of  the  Xorthern  Hemi- 
sphere. Various  species  of  Primula 
(P.  acaulis,  auricula,  sinensis,  etc.) 
and  Cyclamen,  etc.,  are  cultivated 
as  ornamental  plants. 

Poisonous. — The  tubers  of  Cycla- 
'men  europaeum,  the  Alpine  Yiolet, 
which  occurs  wild  in  Bavaria  (Fig. 
550),  are  harmless  and  edible  when 
cooked.  Anagallis  arvensis  (Poor- 
man's  weather-glass)  and  A.  coerulea 
are  slightly  toxic. 

The  Myrsinaceae  are  ti'opical 
woody  plants  closely  allied  to  the 
Primulaeeae.  Fruit  a  drupe.  Ardisia 
crenulata  is  a  well-known  ornamental 
plant  belonging  to  this  family. 

Family  Plumbaginaeeae. — 

Flowers  with  dry  and  mem- 
branaceous CALYX,  divided 
style,  and  one  ovule.  Fruit 
a  capsule  (Fig.  .551). 

To  this  family  belong  chiefly  perennial  herbs  with  rosettes  of  grass- 
like or  lanceolate,  entire  leaves.  The  small  rose-coloured  or  violet 
flowers  are  borne  at  the  extremity  of  a  long  naked  stem,  usually  in 
panicles  or  capitula  of  scorpioid  cymes.    The  calyx,  although  dry  and 


Fig.  bbl.—Armeria  vulgaris.  I,  Flowering  plant;  2, 
a  flower ;  3,  calyx  with  the  projecting  styles ;  4, 
gynojcium  with  ovar}-  cut  through  longitu- 
dinally, shoving  the  single  ovule ;  5,  floral 
diagram.    (After  Wossidlo.) 
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membranaceous,  is  brightly  coloured  except  in  the  genus  Plumhago, 
whose  flowers  have  an  herbaceous  calyx. 

Geographical  DisxRiBrxiox. — The  Pluiiibaginaceo.e  are  for  the  most  pai-t 
native  of  the  sea-coast ;  they  occur  also  in  salt-stej)pes  and  deserts,  e.g.  Statice 
(Sea-Lavender),  Armeria  (Thrift). 


Flowers  hypogynous,  actinomorphic.  with  the  formula  Kn,  Cn. 
An,  G2,  in  which  n  =  4  or  5  ;  corolla  frequently  with  contorted  esti- 
vation ;  androecium  adnate  to  the  corolla.  Leaves  opposite. 
ENTIFvE. 

The  Contorfae  constitute  a  heterogeneous  order  of  plants,  which  may 
be  most  readily  distinguished  from  other  St/mpefalae  with  actino- 


morphic flowers  by  their  opposite,  entire  leaves.  The  contorted 
aestivation  of  the  corolla,  to  which  the  name  of  the  order  has  refer- 
ence, although  of  frequent  occurrence,  is  not  a  characteristic  common 
to  all  the  members  of  the  order,  nor  is  it  restricted  to  the  Contortae. 

Family  Oleaeeae. — Corolla  with  imbricate  or  valvate  estiva- 
tion ;  androecium  of  two  stamens ;  gyncecium  SYNCARPOrs  ;  ovarj' 
BILOCULAR.  Woody  plants  ^Wthout  latex ;  leaves  exstipulate  (Figs. 
552-554). 

The  plants  comprised  in  this  family  are  either  shrubs  or  trees.    The  leaves  are 


Order  4.  Contortae 


Fig.  553. — Flower  of  Fraj:- 
inus  Ornvs.  —  0  F  Fl- 
ax AL.     (After  "Wos- 

SIDLO.) 


Fig.  bb-i.—Olca  europaai.  1,  Flowering  braucli ;  2,  a  flower 
cut  through  longitudinally ;  3,  transverse  section  of 
ovarj- ;  4,  fruit ;  5,  the  same  Avith  pericarij  jjartiy 
removed.— Off/cixal.    (After  Wossidlo.) 
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usually  simple  and  entire,  more  rarely  lobed 
or  compound.  The  flowers  are  generally 
small  and  in  paniculate  inflorescences  ;  they 
have  a  small  calyx  and  sometimes  a  synpetal- 
ous,  sometimes  a  choripetalous  corolla  ;  in  a 
few  species  they  are  apetalous.  The  tAvo 
stamens  constitute  the  most  easily  recognised 
characteristic  of  the  family.  Each  loculus  of 
the  ovary  contains  two  ovules.  The  fruit  is 
a  capsule,  a  dry  indehiscent  fruit,  a  berry  or 
a  drupe.    Many  species  contain  mannite. 

Representative  Genera.  —  Fraxinus 
(Ash),  with  pinnate  leaves  ;  Ligustrum 
(Privet),  Olea  (Olive),  Syringa  (Lilac),  Jas- 
minum  (Jessamine). 

Geographical  Distribution. — The 
family  Oleaceae  is  chiefly  represented  in  Asia. 
Several  species  are  familiar  as  ornamental 
plants,  e.g.  the  diff'erent  species  of  Lilac 
{Syringa  vulgaris,  from  South  -  Eastern 
Europe  ;  aS'.  chinensis,  S.  ^lersica),  Jessamine 


Fio.  555.  —  (kntiaiKi   liiteu.       n  and 
P'lower-buds  (nat.  size),  showing  calyx 
(a)  and  twisted  corolla  (h)  ;  r,  trans- 
verse section  of  ovary.  —  Officinal. 
(After  Bero  and  Schmidt.) 


Fig.  556. — Erythmeo.  Cetituurium.  1,  A]3ex  of 
flowering  shoot ;  2,  a  flower  cut  through 
longitudinally  ;  3,  anther  ;  4,  fruit ;  5, 
transverse  section  of  fruit.— O/'i^/c/iv^^/.. 
(After  WossiDLO.) 


Fig.  557. — Vinca  minor.  1,  Apex  of  flowering 
shoot ;  2,  flower-bud  cut  through  longi- 
tudinally ;  3,  a  stamen ;  4,  pistil.  (After 

WOSSIDLO.) 


{Jasminum  grandijlorum,  etc.),  Forsythia  viridissima,  etc.    The  most  important 
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economic  plant  of  the  family  is  the  Olive-tree,  Olca  curo2Xiea  (Fig.  554),  often 
cultivated  in  Southern  Europe.  The  oil  is  extracted  from  the  pulp  of  the  ripe 
fruit,  and  also,  although  to  a  less  extent,  from  the  seeds.  The  wood  (Olive-wood) 
is  used  for  a  variety  of  purposes. 

Officinal. — Oleum  Olivae  {vide  siqora)  ;  Maxna,  the  dried  sap  of  the  Manna- 
Ash,  Fraxinus  Orims  (Mediterranean). 

Family  Loganiaceae.  —  Flowers  always  with  a  synpetalous  corolla  and  an 
HAPLOSTEMONOi  s  androecium,  in  other  respects  essentially  the  same  as  those  of 
the  Oleaccae.    Tropical  woody  plants  without  latex,  rarely  herbs  with  stipules. 


Fig.  bb^.—Xeriuiii  Oleander  {ve<\uced).—Poisoyocs. 


Poisonous. — Curare,  used  by  the  South  American  Indians  for  poisoning  arrows 
and  also  as  a  Malayan  arrow  poison,  is  prepared  from  the  bark  of  several  species  of 
Strychnos.    The  seeds  of  Strychnos  mix  vomica  {vide  infra)  are  extremely  poisonous. 

Officinal. — Strychnos  mix  vomica,  an  East  Indian  tree  whose  fruit  resembles 
an  orange,  but  has  a  hard  rind  and  usually  only  one  seed,  yields  Semen  Strychni 
or  Ntjx  vomica. 

Family  Gentianaeeae. — Corolla  with  contorted  estivation  : 
androecium  haplostemonous ;  gynoecium  SYNCARPOUS  ;  ovary  usually 
UNILOCULAR,  with  parietal  placentae.  Herbs  without  latex,  wholly 
restricted  to  the  Temperate  Zone  (Figs.  555,  556). 


SECT.  II 


PHANEROGAMIA 


575 


The  plants  included  in  this  family  are  large  or  small,  glabrous 
herbs.  Their  leaves,  which  are  almost  always  opposite  and  entire,  are 
destitute  of  stipules.  The  flowers  are  often  large  and  highly  coloured, 
terminal  and  solitary,  or  more  frequently  they  are  arranged  in  di- 
chasial  inflorescences.  The  fruit  is  a  two-valved,  many-seeded  capsule. 
Man}^  species  of  Gentianaceae  are  rich  in  bitter  principles. 

Representative  Genera. — Gentiana  (Gentian),  with  straight  anthers  ;  Ery- 
tJiraea  (Centaury),  with  anthers  spirally  twisted  ;  Chlora  (Yellow- wort) ;  Menyanthes 
(Buckbean),  with  scattered,  ternate  leaves. 

Officinal. — Gentiana  lutea  (Fig.  555),  and  G.  pannonica,  punctata,  purpurea, 
yield  Radix  Gentianae  ;  Erythraea  Centaurium  (Fig.  556),  Herba  Centaurii  ; 
Menyanthes  trifoUata,  Folia  Trifolii  fibrini. 


Fig.  bb^.—Asclepias  viirassaoka.    A,  Flower;  «/(,  andiit- ciuui  (  x  4);  B,  calyx  and  gyiHfriuin  ; 
fn,  ovary  ;  /,-,  corjiuscula  (x  6) ;  C,  pollinia  (magnified).    (After  Baillon.) 

Family  Apoeynaeeae. — Corolla  with  contorted  ^estivation  ; 
androecium  haplostemonous ;  pollen  granular  or  in  tetrads ;  carpels 
usually  FREE  BELOW  ;  RING-SHAPED  STIGMA.     Plants  with  LATEX  (FigS. 

557,  558). 

In  this  family  are  represented  perennial  herbs,  shrubs,  lianes,  and  trees  ;  all 
usually  evergreen,  Avith  opposite,  entire  leaves.  The  rotate  or  funnel-shaped 
flowers,  which  are  often  large  and  conspicuous,  are  aggregated  in  cymose  inflores- 
cences ;  the  fruit  is  usually  a  capsule,  both  of  whose  free  carpels  (follicles)  dehisce 
along  the  ventral  suture,  setting  free  numerous  and  often  hairy  seeds  to  be 
disseminated  by  the  wind. 

Geographical  Distribution. — -The  Apoeynaeeae  are  chiefly  indigenous  to  the 
Tropics,  where  numerous  species  are  found.  Familiar  examples  of  this  family  are 
afl"orded  by  the  Oleander,  Nerium  Oleander,  and  Periwinkle,  Vinca  minor  (Fig. 
557). 

Poisonous. — Nerium  Oleander  (Fig.  558),  an  evergreen  shrub  of  Southern 
Europe,  with  lanceolate  leaves  and  large  rose-coloured,  more  rarely  white  or  light 
yellow,  fragrant  flowers.    All  parts  of  the  Oleander  are  poisonous. 

Officinal. — Various  species  of  Strophanthus  {e.g.  S.  hispidus),  tropical  lianes 
of  Western  Africa,  yield  Semen  Strophanthi.  From  As^ndosperma  Quebracho,  a 
tree  native  of  the  Argentine  Republic,  is  derived  Cortex  Quebracho. 
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Family  Aselepiadaceae. — Corolla  with  contorted  ^estivation  ; 
androecium  haplostemonous  ;   pollen  -  grains  of  each  loculus  of  the 

anthers  adhering  together,  in  the  form  of  a 
POLLINIUM ;  carpels  with  free  ovaries, 
united  above  into  a  prismatic  stigma.  Plants 
with  LATEX  (Figs.  559,  560). 

In  their  vegetative  portions  and  fruit  the  Asclejyia- 
daceae  are  like  the  Aijocynaccae,  but  differ  from 
them,  as  from  all  other  Dicotyledons  in  the  struc- 
ture of  their  androecia.  The  stamens  are  united,  at 
least  at  the  base  ;  each  of  them  bears  a  large  dorsal 
appendage  (Fig.  559,  A).  These  staminal  append- 
ages together  form  a  corona.  Especially  charac- 
teristic, also,  are  the  club-shaped  pollen-masses  or 
pollinia,  resembling  those  of  the  OrcMdaceae  {cf. 
p.  488).  For  the  purpose  of  pollination  by  insects, 
the  pollinia  are  attached  in  pairs  (one  pollinium 
from  each  pair  of  contiguous  anthers)  to  a  coRPrs- 
CULUM  or  glandular  outgrowth  of  the  stigma  (Fig. 
559,  B,  C). 

Geographical  Distribution. — The  Asdeina- 
daceae  are  chiefly  native  of  the  Tropics,  where  thej' 
are  found  as  lianes  or  epiphytes.  In  the  barren 
desert-regions  of  Southern  Africa  they  are  repre- 
sented by  leafless,  Cactus-like  succulents  (Stapelia). 

Poisonous. — The  latex  of  most  of  the  Aselepia- 
daceae, and  also  all  parts  of  the  species  Vincetoxicuin 
officinale  (Fig.  560),  possess  toxic  principles.  The  latter  is  a  small,  inconspicuous, 
white-flowered  plant,  with  capsules  and  long-haired  seeds. 

Officinal. — The  bark  of  Gonolohus  Condurango  and  other  lianes  of  Peru  and 
Ecuador  yield  Cortex  Condurango. 


Fi( 


560.—  Vincetoxicum  officinale 
Q  nat.  size).— Poisox-o us. 


Order  5.  Tubiflorae 

Flowers  hypogynous,  actinomorphic,  sometimes  slightly  zygo- 
morphic,  generally  with  the  formula  K5,  C5,  A5,  G(X> ;  stamens  com- 
plete IN  NUMBER,  inserted  on  the  corolla ;  ovarj^  bilocular  (rarely 
trilocular),  with  TWO  OVULES  in  each  loculus ;  loculi  frequently  cham- 
bered by  FALSE  DISSEPIMENTS.     LeaveS  ALTERNATE. 

In  spite  of  the  great  difference  in  appearance,  the  structure  of  the 
flowers  proves  the  existence  of  a  close  affinity  between  the  different 
members  of  the  order.  The  families  included  in  the  Tubiflorae 
form  the  beginning  of  a  series,  which  is  further  continued  by  the 
families  of  the  two  next  succeeding  orders,  the  Pcrsonatae  and  Lahiati- 
florae.  That  the  families  of  the  TuUfloi'ae,  in  particular  the  Con- 
volviilaceae,  are  the  older,  or  have  deviated  less  from  the  ancestral  form, 
is  rendered  probable  from  a  comparison  of  their  actinomorphic  flowers 
and  pentamerous  androecia  with  the  zygomorphic  flowers  and  reduced 
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androecia  of  the  Personatae  and  Lahiatiflorae.  The  varying  number  of 
carpels,  their  not  infrequent  separation,  and  the  variability  in  the 
number,  position,  and  structure  of  other  parts  of  the  flowers,  while 
establishing  the  connection  of  the  Tuhifiorae  with  other  orders,  confirm 
the  supposition  of  their 
greater'  age.  In  the  Person- 
atae and  Lahiatiflorae,  on  the 
other  hand,  the  flowers  appear 
to  be  constructed  in  accord- 
ance with  a  fixed  type. 

Family  Convolvulaeeae. 

 Corolla  FOLDED  LONGI- 
TUDINALLY in  the  bud, 
TWISTED,  usually  to  the  right  • 
ovary  bilocular,  with  two 
erect  ovules  in  each  loculus  ; 
loculi  often  two-chambered ; 
embryo  curved.  Mostly 
CLIMBING  herbs  and  shrubs, 
usually  with  latex  (Fig. 
561). 

The  majority  of  the  plants 
in  the  family  are  sinistrorse 
herbaceous  climbers,  with 
heart-shaped  leaves  and  con- 
spicuous flowers,  usually  with 
a  funnel-shaped,  slightly  lobed 
corolla.  The  fruit  is  a  capsule 
or  berry.  In  addition  to  the  normally  assimilating  leafy  species,  the 
family  of  the  Convolvulaeeae  includes  (species  of  the  genus  Cuscuta) 
a  number  of  thread-like  parasitic  plants  almost  devoid  of  chlorophyll. 
The  species  of  this  genus  twine  about  other  plants  and  obtain  nourish- 
ment by  sending  out  haustoria  into  their  stems  (cf.  p.  208,  Fig.  185). 

Representative  Genera. — Convolvulus,  with  two-cleft  style  (e.g.  C.  arvcnsis, 
Bindweed,  Fig.  561)  ;  Calystegia  (Bracted  Bindweed),  like  the  preceding,  but  with 
two  large  bracteoles ;  Ipomoea,  style  four-cleft  {e.g.  I.  purpurea,  the  common  Morning 
Glory)  ;  Cuscuta  (Dodder). 

Geographical  Distribution. — The  Convolvulaeeae  are  most  extensively 
represented  in  tropical  America.  Several  species  of  this  family  are  well-known 
ornamental  plants.  Ipomoea  Batatas  is  largely  cultivated  for  the  tuberous  roots 
(Sweet  Potatoes). 

Officinal.  —  Ipomoea  Purga,  a  Mexican  climbing  plant,  yielding  Jalap, 
Tubera  Jalapae. 

The  Polemoniaceae  differ  from  the  Convolvulaeeae  in  having  three  carpels  and 
no  latex.  Various  species  of  Polemonium,  Cobaea  and  Phlox  are  ornamental 
plants. 

Family  Boraginaceae. — Corolla  with  imbricate  sBstivation  :  ovary 


Fig.  561. — Convolvulus  arrensis.  1,  Part  of  a  stem  with 
flowers  ;  2  a  flower  cut  through  longitudinally  ;  3) 
fruit;  4,  seed;  5,  floral  diagram.    (After  Wossidlo.) 
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dimerous,  but  deeply  four-lobed  or  chambered,  with  one  suspended 
ovule  in  each  chamber.  Style  inserted  in  the  depression  between  the 
four  projecting  lobes  of  the  carpels.  The  fruit  is  a  four-partite  schizo- 
CARP,  consisting  of  four  nutlets.  Seeds  usually  without  endosperm. 
Inflorescences  scoRPiom  (Figs.  562,  563). 

The  Bomginaceae  are  for  the  most  part  herbaceous  plants,  and  con- 
stitute one  of  the  most  natural  and  easily 
recognisable  families.  The  succulent  stems, 
covered  with  harsh  hairs,  the  entire  leaves, 
the  scorpioid  inflorescences  with  spirally 
coiled  branches,  the  usually  blue  flowers, 
and  the  distinctive  structure  of  the  fruit, 


Fig.  562. 
Flower : 


—Borago  officinalis, 
h  and  c,  frciit  (uat. 


size). 


Fio.  563. — Echinm  vulgare.    1,  Inflorescence;  2,  a  flower;  3, 
fruit ;  4,  a  single  nutlet ;   5,  floral  diagram.  (After 

WOSSIDLO.) 


all  serve  to  give  the  plants  comprised  in  this  family  a  highly  charac- 
teristic appearance. 

Representative  Genera. — (a)  Throat  of  the  corolla  with  scales  :  Borago 
(Borage),  stamens  with  horn-like  appendages  (Fig.  562)  ;  SyinphTjtum  (Comfrey)  : 
Myosotis  (Forget-me-not),  (&)  Throat  of  corolla  without  scales :  Pulmonaru' 
(Lungwort)  ;  EcMum  (A^'iper's  Bugloss),  with  zygomorphic  flowers  (Fig,  563)  ; 
LithosjKvmum  (Gromwell),  nutlets  stony,  owing  to  the  j^resence  of  calcium 
carbonate.  Anomalous  :  Heliotropinm  (Heliotrope),  with  undivided  ovary  pro- 
longed into  an  apical  style. 

Geographical  Distribution. — The  members  of  this  famil}"  abound  in  the 
North  Temperate  Zone,  particularly  in  the  Mediterranean  countries. 

To  the  Tuhiflorac  belong  also  the  two  families  Hydrophyllaceae  (chiefl}-  in- 
digenous to  America)  and  Cordiaceae  (tropical  woody  plants,  with  drupaceous  fruit). 
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These  two  families,  neither  of  which  is  represented  in  Europe,  stand  in  close  relation 
to  the  Convolvulaceae  as  well  as  to  the  Boraginaceae,  bridging  over  the  gap  between 
them.    The  Hyclrophyllaceac  also  exhibit  a  near  affinity  to  the  following  order. 


Order  6.  Personatae 


Flowers  hypogynous,  mostly  zygomorphic  ;  typically  with  the 
formula  K5,  05,  A5,  G(^,  but  usually  with  a  reduced  andrcecium. 
Stamens  inserted  on  the  corolla;  ovary  dimerous,  bilocular,  rarely 
with  false  dissepiments,  usually  with  numerous  ovules.  Leaves 
alternate  or  opposite. 

Included  in  this  order  are  herbs  and  woody  plants,  generally 
with  conspicuous  flowers.  The  corolla  is  commonly  bilabiate.  In 
most  instances  the 
andrcecium  is 
reduced  to  four 
stamens,  disposed 
in  two  pairs  of 
unequal  length  ; 
more  rarely  only 
two  stamens  are 
present.  The  fruit 
is  most  frequently 
a  capsule  with 
albuminous,  or 
sometimes  exalbu- 
minous  seeds. 

The  Solanaceae 
are,  phylogenetically, 
probably  the  oldest 


Fig.  564.— Soktftaceae. 
Floral  diagram 
{Petunia). 


Fig.  [>C)5.  —  Nicotianci  Tahacitm.    a,  Flower; 
spread  out  flat ;  c,  ovary ;  d  and  e,  yoiinj: 
d,  X  2.) 


corolla,  cut  open  and 
fruit.    (c(,  d,  c,  nat.  size  ; 


family  of  the  order,  and  in  their  generally  actinomorphic  flowers  and  iDcntamerous 
androecia  they  exhibit  a  close  affinity  to  the  Tuhifiorac,  particularly  to  the  Hyclro- 
phyllaceae,  in  which  the  gyncecia  have  a  similar  oblique  position.  The  Solanaceae 
are  also  allied  to  the  Boraginaceae,  Avith  which  they  are  connected  by  the  small 
family  Nolanaceae.  (Plaited  corolla,  seeds  and  unequally  paired  leaves,  as  in  the 
Solanaceae;  fruit  a  schizocarp,  as  in  the  Boraginaceae.)    Between  the  Solanaceae 
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and  Scrophiilariaceae,  on  the  other  hand,  there  are  no  uniformly  constant  distinctions, 
the  Scro2)hulariaceae  representing  rather  a  continuation  of  the  Solanaceae.  The 
other  families  embraced  by  the  Pcrsonatae,  with  the  exception  of  the  Acanthaceae, 
Glohulariaceae,  and  Plantaginaceae,  are  all  closely  allied  to  the  Scrophulariaceae. 

Family  Solanaceae. — Corolla  plaited  in  the  bud,  usually  actino- 
MORPHic ;  androecium  pentamerous  ;  carpels  obliquely  placed  with 


\ 


Fig.  566. — Xicotiana  Tabacum  (h  iiat.  size). —         Fig.  567. — Atropa  Belladonna  Q  nat.  size). — 
Poisosous  and  Officinal.  Poisonous  and  Officinal. 

reference  to  the  median  plane  of  the  flower ;  seeds  with  endosperm 
(Figs.  564,  569). 

The  majority  of  the  Solanaceae  are  herbs  (in  the  Tropics  also 
represented  by  shrubs  and  small  trees),  with  numerous,  often 
glandular  hairs,  and  not  unfrequently  with  prickles.  In  the  region  of 
the  inflorescence  the  leaves  are  often  borne  in  pairs,  consisting  of  one 
large  and  one  smaller  leaf.  This  peculiar  disposition  of  the  leaves  is 
due  to  the  displacement  of  the  bracteoles  and  subtending  bracts,  Avhich 
adhering  to  their  growing  axillary  shoots  are  carried  up  a  distance  on 
them  (Fig.   567).     The  flowers  are  either  solitary  or  grouped  in 
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inflorescences  (Fig.  566) ;  they  are  variously  shaped  and  usually  have 
a  five-lobed  corolla,  often  of  a  pale  violet  colour.  The  oblique 
position  of  the  carpels  (Fig.  564)  is  a  distinctive  characteristic  of 
the  flowers  of  this  family.    The  fruit  is  a  berry  or  capsule.  The 

seeds  are  generally  reni- 
form,  and  contain  a  curved 
embryo  embedded  in  an 
oily  endosperm. 

Representative  GENEiiA. 
— {a)  Fruit  a  capsule  :  Kico- 
tiana  ;  Datura,  capsule  four- 
valved  ;  Hyoscyamvs,  flowers 
zygoniorphic,  capsule  dehis- 
cing transversely,  a  pyxidium. 
{b)  Fruit  a  berry  :  Solanum, 
anthers  converging,  opening 
by  pores ;  Lycoiiersicuvi ;  Ca'p- 
sicum;  Atropa;  Mandragora ; 
Physalis,  the  baccate  fruit  en- 
veloped by  the  persistent  red 
calyx. 

Geographical  Distribu- 
tion.— The  Solanaceae  com- 


Fig.  b<6'!i.  —Datura  Stranionium     iiat.  .size.)  — 
Poimxous  and  Officinal. 

prise  chiefly  plants  of  the  Tropical  Zone. 
In  addition  to  the  officinal  j)lants,  this  family 
contains  a  number  of  other  economic  plants, 
all  of  which  are  natives  of  South  America  : 
the  Potato,  Solanum  tuberosum  (p.  24,  Fig. 
24)  ';  the  Tobacco-plant,  A^zco^m?i(X  Tabacum 
(Fig.  566),  and  N.  rustica  ;  the  Tomato,  fig.  o09.-//w«)hks  mV/cr  mt.  size).- 
Lycopersicum  esculentum,  etc.     The  Potato  Poisoxous  and  Officinal. 

plant  grows  wild  in  the  Andes  mountains 

in  Chili ;  it  was  first  introduced  into  S])ain  and  thence  into  Europe  in  the  latter 
half  of  the  sixteenth  century.  The  first  introduction  of  Tobacco  into  Europe 
occurred  about  the  same  time.  It  is  stated  that  Nicotia.na  Tabacum  is  still  found 
growing  wild  in  Peru  and  Ecuador. 

Poisonous. — Almost  all  of  the  plants  of  this  family  are  wholly  or  in  part 


582 


BOTANY 


PART  II 


poisonous,  iu  most  cases  on  account  of  tlie  alkaloids  tliey  contain.  All  parts  of 
Solanum  tuberosum  contain  solanine  ;  on  that  account  it  is  dangerous  to  eat 
potatoes  that  have  turned  green  or  such  as  have  developed  shoots.  Solanuvi 
Dulcamara  (Bitter-sweet)  contains  .solanine  in  all  its  parts,  with  the  exception 

of  the  harmless  berries.  Sola- 
nine    occurs,    on   the  other 
hand,  in  the  black  berries 
of  Solanum  nigrum  (Common 
W    Nightshade),    a    weed  fre- 
;  I    quently   growing    in  fields. 
The  unripe  fruits  of  the  To- 
mato have  been  known,  when 
eaten,  to  produce  symptoms 
of  poisoning.    Atropa  Bella- 
¥iG.  m.—Scroplmlanaceoc.  Floral  diagrams.  A,  Vcrhascum;  ^?o?lrta,  the  Deadly  Nightshade 
B,  Veronica.   (After  Eichler.)  (Fig.  567),  is  the  most  noxious 

plant  of  this  group.  It  is  an 
herbaceous  plant  with  reddish  brown  campanulate  flowers  and  very  poisonous 
black  berries  enveloped  by  the  persistent  calyx.  Datum  Stramonium,  the  Thorn- 
Apple  (Fig.  568),  is  also  a  narcotic,  poisonous,  herbaceous  plant,  of  common  occur- 
rence on  waste  ground.  It  branches  dichotomously  and  bears  white,  funnel-shaped 
flowers  producing  large  prickly  capsules.  Hyoscyamus  niger,  Black  Henbane  (Fig. 
569),  grows  in  situations  similar  to  those  in  which  the  Thorn-Apple  is  found  ;  it 
also  possesses  dangerous  narcotic  properties.  The  flowers,  which  are  disposed  in 
one-sided  inflorescences,  have  a  funnel-shaped,  five-lobed,  yellow  corolla  marked 
with  violet  veins  ;  the  fruit  is  a  pyxidium.  Nicotiana  Tahacum  (Fig.  566)  con- 
tains toxic  principles  in  all  its  parts. 

Officinal. — Atropa  Belladonna  yields  Folia  et  Radix  Belladonnae  ;  Datura 
Stramonium,  Folia  Stramoxii  ;  Hyoscyamus  niger,  Hekba  Hyoscyami  ;  Capsicum 
annuum,  Fe-UCTUS  Capsici  ;  Nicotiana  Tahacum,  Folia  Tabaci  ;  Solanum  Dul- 
camara, Caules  Dulcamarae. 

Family  Serophulariaeeae. — Corolla  most  frequently  zygomorphic, 
NEVER  PLAITED  in  the  bud  ;  androecium  usually  reduced  to  FOUR  OR 
TWO  STAMENS;  carpels  median  (Figs.  570-573). 

Of  the  plants  comprising  the  Serophulariaeeae,  the  majority  are 
herbs  with  simple,  toothed,  rarely  lobed  leaves,  which  may  be  opposite 
or  alternate  but  never  unequally  paired,  as  in  the  Solanaceae.  Many 
species,  although  provided  with  leaves,  are  root-parasites.  The  flowers, 
whether  solitary  and  axillary  or  in  racemes,  always  have  a  lateral 
origin.  In  some  genera  the  flowers  are  nearly  actinomorphic,  with 
pentamerous  andrcecium  (Fig.  570,  A) ;  but  in  most  of  the  forms  they 
are  distinctly  zygomorphic,  while  the  androecia  are  also  reduced. 
In  cases  where  one  stamen  is  rudimental  {Serophnlaria)  or  suppressed, 
it  is  usually  the  posterior  one.  Sometimes,  in  consequence  of  more 
extended  suppression,  only  two  stamens  remain  {e.g.  Veronica,Fig.  570, 
B).    The  fruit  is  a  capsule,  or  less  frequently  a  berry. 

Sub-Families  and  Represextative  Gexeea. — (1)  Antirrhinoidcae.  Corolla 
with  descending  estivation  (i.e..  the  two  posterior  petals  overlap  the  lateral,  which 


SECT.  II  PHANEROGAMIA  583 


in  turn  enclose  the  anterior  stamen)  ;  autotrophic  plants.  Vcrhascuni  (Mullein), 
with  five  fertile  stamens  (Fig.  572)  ;  Scrophularia  (Figwort)  ;  Antirrhinum  (Snap- 
dragon), corolla  with  short  spur  and  two  closed  lips,  capsule  opening  by  pores  ; 
Linaria  (Toad-Flax),  corolla 
with  long  spur,  otherwise  as 
in  the  preceding  genus  ; 
Digitalis  (Foxglove),  corolla 
obliquely  campanulate,  cap- 
sule opening  by  valves  (Fig. 
571)  ;  Gratiola  (Hedge -Hys- 
sop) ;  Veronica  (Speedwell). 
(2)  Rhinanthoideae.  Corolla 
with  ascending  sestivation 
{i.e.  the  two  posterior  petals 
overlapped  by  the  lateral)  ; 
leafy  plants,  more  rarely 
parasites  devoid  of  chloro- 
phyll, and  with  haustoria. 
Bhinanthus  (Yell oav- Rattle)  ; 
Melampyrum  (Cow-Wheat)  ; 
Euphi-asia^EAjohright) ;  Pedi- 
cularis  (Lousewort). 

Geographical  Distribu- 
tion.— The  Scrophulariaceae 
are  of  frequent  occurrence  in 
the  temperate  zones  of  both 
hemispheres,  growing  in  the 
most  varied  situations.  Many 
are  ornamental  plants,  e.g. 
Antirrhinum  majus,  various 
species  of  Veronica,  Paulownia  imperialis  (arborescent). 

Poisonous. — Digitalis purpmrea  (Figs.  571,  573),  an  unbranched,  thickly-leaved, 
hairy  biennial  bearing  terminal,  one-sided  racemes  of  reddish  campanulate  flowers  ; 
all  parts  exceedingly  poisonous.    Gratiola  officinalis,  a  perennial,  glabrous  herb, 

growing  in  damp  situations  to  a  height  of 
30  cm.,  with  narrow,  toothed  leaves  and 
axillary  tubular  flowers,  of  a  whitish 
coloui'. 

Officinal. — Digitalis  purpurea,  the 
Purple  Foxglove  (Fig.  573),  yields  Folia 
Digitalis  ;  Verhascum  thapsiforme  (Fig. 
572)  and  V.  phlomoides,  Flores  Verbasci. 


C     \i  e 
Fig.  bll.— Digitalis  purpurea,    a,  Flower  ;  h,  corolla  cut  open 
and  spread  out ;  c,  calyx  and  pistil ;  d,  fruit  after  dehis- 
cence ;  f,  ^transverse  section  of  fruit  (nat.  size). 


Family    Utrieulariaeeae. — 

Flowers  distinguishable  from  those 
of  the  preceding  family  by  their 
UNILOCULAR    ovaries    with  free 
CENTRAL  PLACENTAE  and  EXALBUMINOUS  seeds.    CARNIVOROUS,  aquatic 
and.  marsh  plants. 


a  h 

Fig.  572. — Verhasmun  thapsiforme.    a,  Flower  ; 
h,  calyx  and  style  (nat.  size).— O/'/vc/iV./i/.. 


The  flowers  have  only  two  stamens,  and  are  distinctly  zj-gomorphic  and  long- 
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spurred,  like  those  of  Linaria.  The  fruit  is  a  many-seeded  capsule.  The  plants 
included  in  this  family  are,  for  the  most  part,  tropical.  The  more  familiar 
northern  representatives  belong  to  the  genera  Pimjukula,  the  Butterwort,  and 
Utricularia,  the  Bladderwort  (see  p.  215  and  Fig.  34). 


Fig.  573. — Digitalis  purpurea  (i  iiat.  size). — 
Poisosors  and  Officixal. 

Family  Gesneriaeeae. — Flowers  differing  from  those  of  the  Scroph- 
nlariaceae  chiefly  in  having  UNILOCULAR  ovaries  with  parietal 
PLACENT.E.    Flowers  sometimes  epigynous. 

The  Gesneriaeeae  are  for  the  most  part  tropical  plants,  some  of  which 
(Gloxinia)  are  well-known  hot-house  plants.  To  this  family  belong  the 
Broom -rape  and  Toothwort,  parasitic  plants  without  chlorophyll, 
belonging  respectively  to  the  genera  Orohanche  and  Lathraea. 

Family  Plantaginaeeae. — Flowers  actixomorphic,  in  perianth  and 
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androecium  apparently  tetramerous  ;  K4,  C4,  A4,  G(^) ;  corolla 
membranaceous;  ovary  one-  to  four-locular.    Herbs  (Fig.  574). 

The  apparently  tetramerous  character  of  the  flowers  is  due  to  the  suppression 
of  the  posterior  sepal  and  stamen,  and  the  coalescence  of  the  two  posterior  lobes  of 
the  corolla.  Most  of  the  species  of  this  family  have  a  radical  rosette  of  entire 
leaves,  from  the  centre  of  which  rises  a  tall  scape  bearing  a  terminal  spike  of  small 
flowers.  The  flowers  are  frequently  distinctly  protogynous  ;  they  are  usually 
anemophilous  {e.g.  Plantago  lanceolata),  rarely  insect-j)ollinated  {e.g.  Plantago 
media).  The  fruit  is  commonly  a  many-seeded  pyxidium.  The  plants  comprised 
in  the  few  genera  of  this  family  are  scattered  over  the  whole  world,  without  being 
in  any  one  region  particularly  prominent.  Various  species  of  Plantago  (Plantain) 
are  common  field  and  wayside  weeds. 

The  order  Personatae  includes  also  the  following  families  :  Bignoniaceae. 
Trees  and  tendril-climbing  lianes  of  warm  climates,  usually  with  compound  leaves, 
and  winged  seeds  without  endosperm  ;  fruit  a  Avoody  capsule.  Acanthaccac. 
Tropical  herbs  and  shrubs.  Seeds  few,  Avitliout  endosperm  and  attached  to  the 
projecting  placentae  by  strong  funiculi,  which  frequently  have  characteristic 
appendages.  Globular iaceae.  Flowers  in  small  heads  ;  ovary  unilocular  with  one 
ovule. 

Order  7.  Labiatiflorae 

Flowers  hypogynous,  almost  always  zygomorphic,  theoretically  with 
the  formula  K5,  C5,  A5,  G(^),  but  usually  with  reduced  andrcecia  ; 
stamens  inserted  on  the  corolla ;  ovary  bilocular,  with  FOUR  erect 
ovules,  each  loculus  subdivided  by  a  false  dissepiment.  Fruit 
commonly  a  schizocarp.    Leaves  generally  opposite. 

The  plants  constituting  this  order  are  herbs  or  shrubs,  rarely  trees  ; 
their  vegetative  organs  are  usually  hairy  and  often  aromatic.  The 
flowers  are  axillary,  in  most  instances  distinctly  zygomorphic  and 
aggregated  in  inflorescences.  The  fruit  is  commonly  a  four-partite 
schizocarp,  more  rarely  a  drupe  or  capsule. 

The  order  LaUatiflorae  does  not  represent  a  continuation  of  that  of  the  Personatae, 
but  rather  a  lateral  ofl"shoot  from  the  branch  of  the  Tubiflorae.  The  fruit  of  the 
Lahiatae,  it  is  true,  corresponds  with  that  of  the  Boraginaceac,  but  similar  fruits 
occurs  also  in  the  Tubifloi-ae  and  Personatae.  As  there  are  no  other  points  of 
resemblance  between  the  Labiatae  and  Boraginaceae,  it  is  manifestly  unwarrant- 
able to  assume  the  existence  of  a  near  relationship  between  these  two  families,  such 
as,  for  example,  exists  between  the  Solanaecae  and  Scrophulariaceae.  The  Labiati- 
florae were  apparently  separated  from  the  Tubifl^orae  at  an  early  stage  ;  their 
nearest  allies  are  probably  found  among  the  Convolvulaecae. 

Family  Verbenaeeae. — Ovary  one-  to  two-locular,  more  usually  sub- 
divided and  four-chambered  (NOT  lobed),  the  style  therefore  terminal. 
Fruit  a  DRUPE,  less  frequently  a  capsule  or  schizocarp.  Vegetative 
organs  and  inflorescences  not  uniform. 

The  Verbenaeeae  consist  for  the  most  part  of  tropical  plants,  represented  in  the 
Temperate  Zone  chiefly  by  the  genus  Verbena  (Vervain).     Tectona  grandis,  the 
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Teak-tree  of  the  East  Indies,  yields  a  Avood  highly  valued  for  shipbuilding  and 
other  purposes.     Verbena  Auhletia  is  a  common  garden  plant. 

Family  Labiatae. — Ovary  deeply  four-lobed,  bicarpellary,  four- 
chambered,  with  GYNOBASic  style  (attached  to  the  base  instead  of  to 
the  summit  of  the  ovary) ;  fruit  a  four-partite  schizocarp  with  four 


Fig.  575. — Floral  diagram  of 
Lamium  {Lahiatcu). 

nutlets.  Herbs  and  small 
shrubs  with  quadrangular 
stems  and  opposite  leaves ; 
inflorescences  dichasial 
(Figs.  575-577). 

The  Labiatae  con- 
stitute one  of  the  most 
natural  families  of  the 
vegetable  kingdom.  The 
quadrangular  stems  and 
decussate  leaves  give  the 
plants  of  this  family 
a  distinctive  character, 
which  is  enhanced  by 
their  odour  and  general 
hairiness.  The  aroma  so 
characteristic  of  many 
species  is  due  to  the 
presence  of  an  ethereal 
oil  secreted  b}^  small 
glandular  hairs  scattered 
over  the  surface  of  the 
stems  and  leaves.  Not 
less  characteristic  of  this 
family  is  the  apparent  disposition  of  the  short -stalked  flowers  in 
whorls,  but  which  in  reality  represent  axillary  scorpioid  cymes,  some- 
times termed  verticillasters.  The  separate  inflorescences  often  become 
aggregated  in  terminal  heads  and  spikes,  as  in  the  Thyme  and  Pepper- 
mint. The  calyx  (Fig.  577)  is  gamosepalous  and  five -toothed.  The 
corolla  is  usually  bilabiate,  with  two  lobes  in  the  upper  lip  and  three 


Fig.  57Q.— Melissa  officinalis.— Officixal.   (After  Berg 
and  Schmidt,  J  nat.  size.) 
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in  the  under ;  it  is  variously  coloured,  but  most  frequently  of  a  carmine 
or  violet  colour.  The  androecium  chiefly  resembles  that  of  the 
Scrophularictceae,  while  the  gynoecium  is  constructed  as  in  the  Bora- 
ginaceae,  consisting  of  an  originally  bilocular  ovary  whose  carpels 
become  deeply  constricted  longi- 
tudinally and  thus  subdivided, 
each  into  two  chambers.  The 
NUTLETS  (Fig.  577,  d,  e)  of  the 
fruit  always  have  a  hard  outer 
wall ;  they  are  sometimes  partially 
aborted. 

Repiiesentative  Genera. — Ajuga 
(Bugle),  with  short  upper  lip  ;  Teucrium 
(Germander),  upper  lip  deeply  cleft  ; 
Stachys  (Betony,  Hedge -Nettle),  Gale- 
opsis  (Hemp  -  Nettle),  and  Lamium 
(Dead-Nettle),  with  helmet-shaped  upper  J 
lip ;  JSFepeta  (Cat-Mint)  and  Glechoma  I 
(Ground-Ivy),  unlike  most  of  the  other  ft 
genera,  with  a  long  posterior  stamen  ;  \ 
Mentha  (Mint),  with  almost  actino- 
morphic  corolla  and  stamens  of  about 
equal  length;  Thymus  (Thyme);  OH- 
cfanum  {Md^Y^oram)-,  Lavandula  {ludiYen-  t- 
der)  ;  Salvia  (Sage)  and  Rosmarinus  fig.  b11  .-Gahopsis  ochrolcuca.  a,  Flower;  h, 
(Rosemary),  with  two  stamens,  each  of  the  same  with  calyx  removed ;  c,  corolla  cut 
which  has  only  a  fertile  half-anther.  open,  showing  stajiiens  and  style ;  d,  calyx 

Geogiiaphical Distribution.— Like  gynoecium;  e,  fvmt.-OFFiciNAL.  (a,  b 

.  ,     .     J,     T  T  .  ,     ,-,   .  iiat.  size:  c,  d,  c  x  2.) 

most  aromatic  plants,  the  Lahiatae  thrive 

best  in  a  dry,  sunny  situation.  They  accordingly  constitute  an  important  part 
of  the  vegetation  of  the  Mediterranean  countries,  where  these  conditions  of 
growth  are  fulfilled,  and  where,  for  example,  although  not  restricted  alone  to  those 
countries,  the  officinal  Rosemary,  Sage,  Thyme,  and  Lavender  are  found  growing 
wild.  Many  aromatic  species  are  cultivated  as  kitchen-herbs  :  Sweet  Marjoram, 
Origanum  Majorana ;  Summer  Savory,  Satureia  hortensis ;  Sweet  Basil,  Ocimum 
Basilicum  ;  the  Garden  Thyme,  Thymus  vulgaris  ;  Sage,  Salvia  officinalis. 

Offich^al.— Lavandula  vera  yields  Flores  Lavandulae  ;  Salvia  officinalis, 
Folia  Salviae  ;  Melissa  officinalis,  the  Common  Balm  (Fig.  576),  Folia  Melissae  ; 
Thymus  Serpylhcm,  Herba  Serpylli  ;  Thymus  vulgaris,  Herba  Thymi  ;  Ros- 
marinus officinalis,  Folia  et  Oleum  Rosmarini  ;  Mentha  piperita  (Peppermint), 
Folia  et  Oleum  Menthae  piperitae  ;  Mentha  crispa.  Folia  Menthae  crispae  ; 
Galeopsis  ochroleuca,  Herba  Galeopsidis  ;  Origanum  vulgare,  Herba  Origani. 

Order  8.  Rubiinae 

Flowers  EPiGYNOUS,^ctinomorphic  or  zygomorphic,  with  the 
formula  Kn,  Cn,  An,  (G2^),  in  which  n  =  4  or  5.  Calyx  greatly 
REDUCED  ;  androecium  inserted  on  the  corolla ;  ovary  two-  to  three- 
LOCULAR.    Leaves  generally  opposite. 
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The  Ruhiinae  comprise  herbaceous,  shrubby,  and,  more  rarely, 
arborescent  plants,  varying  greatly  in  general  appearance,  and,  with 
the  exception  of  opposite  leaves,  having  but  little  in  common  in  their 
vegetative  structure.  The  flowers  are  usually  small  and  aggregated  in 
profusely  branched  inflorescences,  Avhich  often  assume  an  umbellate 
character.    The  corolla  is  sometimes  campanulate  or  cylindrical,  but, 


(After  WossiDLO.)  (After  Wossidlo.) 

most  frecpiently,  rotate  or  funnel-shaped,  according  as  its  lower 
portion  forms  a  longer  or  shorter  tube.  The  fruit  assumes  various 
forms,  sometimes  dry,  sometimes  juic}*. 

Family  Rubiaeeae. — Flowers  actixomorphic,  androecium  with 
FULL  xu:\iBER  OF  STAMEXS  :  ovary  DIMEROUS,  BOTH  LOCULi  fertile. 
Herbs  and  woody  plants  with  simple,  stipulate  leaves  (Figs.  578-580). 

The  Buhiaceae  form  one  of  the  larsfest  and  most  varied  families  of 

o 

the  vegetable  world.  The  almost  always  entire  and  opposite  leaves 
and  the  invariable  presence  of  stipules,  either  leafy  or  scale-like,  con- 
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stitute  the  characteristics  most  distinctive  of  this  family.  The  charac- 
teristics given  for  the  order  hold  good  as  regards  the  stmcture  of  the 
fruit  and  flowers. 


Sub-Families  and  Representative  Genera.— (1;  SteUat.ae.    Stipules  like  the 
leaves  ;  loculi  one-seeded  :  Galium  (Bedstraw,  Cleavers),  corolla  rotate  :  Aspenila 
{A.  odorata,  Woodruff,  Fig.  578),  corolla  funnel-shaped  ;  Sherardia  (S.  arrensis, 
Field  Madder).     (2)  Coffeoideae. 
Stipules  scaly  ;  loculi  one -seeded  : 
Coffea ;   Cephaelis.      (3)  Cincho- 
naideae.      Stipules  scaly  ;  loculi 
many-seeded:  Cinchona;  Uncaria. 

Geographical  Distribution. 
—  The  Ruhiaceae  conii>rise 
numerous  species  of  mostly 
tropical  herbs  and  shrubs.  The 
Coffee -plant,  Coffea  aroMca  (Fig. 
579),  is  a  small  evergreen  tree,  in- 
digenous to  the  tropical  moun- 
tainous districts  of  Eastern  Africa, 
but  now  cultivated  in  all  warm 
countries.  The  white  flowers  dis- 
posed in  axillary  clusters  produce 
red,  cherry-like  drupes,  each  con- 
taining two  seeds  or  coffee-beans. 
Brazil  supjilies  the  largest  part  of 
all  the  coffee  consumed,  but  the 
best  comes  from  South-Western 
Arabia  (^Mocha),  the  Sunda  Islands 
(Java,  Celebes),  and  Ceylon.  The 
various  species  of  Gardenia  culti- 
vated as  ornamental  plants  also 
belong  to  this  family. 

Officinal. — Cincho'aa,  succiruhra,  C.  Ledgeriana,  and  other  species  of  the  same 
genus  (Fig.  580)  yield  the  cinchona-bark,  Cortex  Cinchonae,  from  which  Quinine 
is  prepared.  The  Cinchonas  grow  wild  in  the  Andes  mountains  and  are  largely 
cultivated  in  the  mountainous  regions  of  India.  They  are  evergreen  trees  with 
lanceolate  or  roundish  leaves  and  with  flowers  in  pyramid-shaped  panicles.  The 
flowers  are  about  1  cm.  long  and  have  a  yellowish  or  carmine -coloured,  funnel- 
shaped  corolla  with  five  fringed  lobes.  When  the  fruit  is  ripe  the  two  carpels 
separate  at  the  base,  but  are  held  together  at  their  apices  by  the  calyx  ;  they  oj^en 
by  a  sUt  in  the  middle  of  the  partition  dissepiment.  Cephaelis  Ipecacuanha,  a  small 
under-shrub  native  of  Brazil,  yields  Radix  Ipecacuanhae.  Uacaria  Gamhir,  an 
East  Indian  liane  climbing  by  means  of  hooks,  yields  the  leaves  and  young  shoots 
from  which  Catechu  is  extracted.  The  alkaloid  Coffeinum  is  derived  from  the 
coffee-bean. 


Yic.  580. — Cinchona  lo.ncifoUfi.  1,  Flowering  branch ;  2, 
flower ;  3,  flower  cut  through  longitudinally ;  4,  fruit ; 
b,  see<l.—OrriciyAL.   (After  Wossidlo.) 


Family  Caprifoliaeeae. — Flowers  actinomorphic  or  zygom<jrphic  ; 
andrwcium  ^yITH  FI  LL  number  of  sta^iens  ;  gyntt-cium  usually 
TRlMEROUS  :  loculi  all  fertile ;  mostly  woody  plants,  as  a  rule  with 
STIPULATE  leaves  (Fig.  581). 
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There  is,  properly  speaking,  no  cliaracteristic  feature  Avliicli  separates  the 
CaprifoUaceae  and  RuUaceae. 

The  majority  of  the  members  of  this  family  are  shrubs  with  simple 
or  pinnate  leaves  and,  most  often,  with  cymose  inflorescences.  The 
corolla  is  rotate,  campanulate  or  tubular,  in  the  last  case  zygomorphic. 
The  fruit  is  commonly  a  berry  or  drupe. 

SuBDivisioxs. — (1)  Sambuceae.  Corolla  actinomorphie,  rotate  ;  style  short ; 
fruit  a  drupe.  Sambucus,  the  Elder,  has  pinnate  leaves  and  a  drupaceous  fruit 
with  three  stones.  The  leaves  of  Vibicrnum  (Arrow-wood,  Guelder-rose)  are 
simple  ;  the  drupes  have  only  one  stone.    (2)  Lonicereae.    Flowers  with  an  actino- 


FiG.  bSl.—Smiibucus  nigra.   1,  Ploweriiig  branch  ;  2,  a  flower  cut  throiigh  longitudinally  ;  3,  fruit ; 
4,  floral  diagram.— Oi^/'/C'/iV^z.    (After  Wossidlo.) 

morpllic  or  zygomorphic,  tubular  corolla  and  a  correspondingly  long  style,  e.g. 
Lonicera  (Honeysuckle)  with  zygomorphic  flowers,  Linnaea  (Twin-flower),  etc. 

Geographical  Distribution. — The  Ccqirifoliaceae  are  in  large  part  represented 
by  shrubs  and  small  trees  growing  in  woods  and  thickets  in  the  Temperate  Zone  of 
the  Northern  Hemisphere,  Several  well-known  ornamental  plants  are  included 
in  this  family  :  the  Snowball-tree  or  Guelder-rose,  a  variety  of  Viburnum  Opuhcs, 
with  sterile  flowers  only  ;  and  the  various  species  of  Honeysuckle  (Lonicera)  and 
Bush-Honeysuckle  or  Weigelia. 

Officinal. — Sambucus  nigra  (Fig.  581)  and  S.  canadensis  yield  Flores 
•Sambuci. 


Family  Valepianaceae. — Flowers  asymmetrical,   with  penta- 
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merous  perianth ;  andrcecium  REDUCED  ;  ovary  trilocular,  with  only 
one  fertile  loculus  (Figs.  582,  583). 

The  family  comprises  herbs  and  small  under-shrubs,  having  simple 
or  pinnate  leaves  without  stipules.  The  flowers  are  small  and 
aggregated  in  profusely  branched,  dichasial  inflorescences.  At  the 
time  of  flowering  the  calyx  is  rudimental,  but  it  eventually  assumes  the 
form  of  a  feathery  pappus  (Fig.  583).  The  actinomorphic  or  spurred 
corolla  is  rotate  or  funnel-shaped,  usually  of  a  light  rose-colour.  The 
androecium,  which  was  originally  pentamerous,  has  suff'ered  reduction,  in 
which  process  either  the  median  stamen  alone  or,  in  addition,  one  or 
three  lateral  stamens  have  been  suppressed.  Except  in  the  first  case 
the  andrcecium  is  asymmetrical  with  respect  to  the  median  plane  of  the 
flower.  The  gj-noecium,  on  the  other  hand,  is  always  asymmetrical,  one 
of  the  lateral  loculi,  never-  the  median  loculus,  being  alone  fertile 
(Fig.  582).    The  fruit  is  indehiscent. 


a  i 

Y\G.  Valeriana.    Floral  Tig.  Valeriana  offidnalis.   a,  Flower  (x  S)  ; 

diagram.  fruit  (x  i).—OPFlciSAL. 

Representative  Genera.  —  Valeriandla,  corolla  rotate,  three  stamens. 
Valei-iana,  corolla  funnel-shaped,  short-spurred,  three  stamens  (Fig.  583).  Cen- 
tranthus,  corolla  funnel-shaped  and  long-spuiTed,  one  stamen. 

Geographical  DiSTRiBrTiON. — The  Valcrianaceae  inhabit  the  countries  of  the 
Temperate  and  Arctic  Zones,  but  never  form  an  important  part  of  the  vegetation. 
Valeriana  officinalis  and  V.  dioica  are  common  field  flowers.  Centranthus  ruber 
is  a  well-known  garden  plant. 

Officinal. — Valeriana  officinalis  yields  Rad.  Valerianae. 

Order  9.  Campanulinae 

Flowers  EPiGYXOrs,  actinomorphic  or  zygomorphic.  most  frequently 
with  the  formula  Ko,  C(5),  A5,  G(2^).  Calyx  gamosepalous,  with 
long  sepals  :  stamens  INSERTED  OX  the  flower-axis,  usually  with 
anthers  adhering  together  :  ovary  two-  to  three- locui^ir.  with 
numerous  ovules.  The  possession  of  latex  is  characteristic  of  most 
of  the  plants  of  this  order. 

The  CarnpanuUme  are  for  the  most  part  herbs  with  simple,  entire, 
alternate  leaves  without  stipules.     Their  inflorescences  are  racemose, 
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either  racemes,  spikes,  or  heads.  The  flowers,  which  are  commonly 
large  and  conspicuous,  are  usuallj^  of  a  blue  colour.  Except  that  the 
corolla  is  in  some  instances  actinomorphic,  in  others  zygomorphic,  the 


Fig.  oS4. — Ca.mpamtlarohindifolia.  f,  Flower  ;  Fig.  5S5. — Echcdlium  (Cncurbitaccae).  Diagram  of  a 
b,  the  same  cut  through  longitudinally.  male  (.4)  and  of  a  female  flower  (11).  (After 
(Xat.  size.)  .  Eichler  ) 


flowers  have  essentially  the  same  structure  throughout  the  whole 
order.  The  anthers,  though  sometimes  free  and  distinct,  more 
frequently  adhere  together  or  are  entirely  coalescent.  The  fruit  is  a 
capsule,  or  more  rarely  a  berry. 


Fig.  5S6. — Cucurhita  Pepo.    a,  Male  flower  ;  h,  female  flower  ;  c,  transverse  section  of  ovaiy  ; 
r,  epicarp  ;  gh,  vascular  bundles  ;  s,  ovules,  (a,  h,  reduced  ;  c,  nat.  size.) 

Family  Campanulaeeae. — Flowers  actinomorphic  ;  anthers  free 
or  adherent;  ovary  usually  trilocular;  fruit  a  capsule  (Fig.  584). 

Representative  Genera.  —  Cam^mnula  (Bell-flower),  corolla  campanulate 
(Fig.  584).     Phyteuma  (Rampion)  and  Jasione  {J.  montana,  Sheep's-bit),  with 
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flowers  having  a  tubular  corolla  and  aggregated  in  small  heads  or  spikes.  S]:)ecu- 
laria  (Venus's  Looking-glass),  with  rotate  corolla. 

Geographical  Dlstiubution.— The  members  of  this  family  are  mostly  native 
of  the  North  Temperate  Zone,  Avhere  they  occupy  a  very  prominent  position  in 
the  vegetation,  rather  as  the  result  of  the 
striking  appearance  of  their  flowers  than 
because  of  the  occurrence  of  a  large  num- 
ber of  individuals. 

Family  Lobeliaceae. — Flowers  zygo- 
MORPHic  ;  anthers  adherent,  forming  a 
tube  ;  ovary  bilocular  ;  fruit  a  capsule 
or  berry. 

As  in  the  Papilionaceae,  the  median 
sepal  is  anterior  ;  but,  before  the  flowers 
open,  by  the  torsion  of  the  flower-stalk, 
the  parts  of  the  flower  ultimately  appear 
to  occupy  the  normal  position.  The 
Lobeliaceae  are  chiefly  tropical  plants. 
Lobelia  Dortmanna  occur  in  the  ponds  of 
Northern  Europe. 

Officinal. — Herba  Lobeliae  is 
derived  from  Lobelia  injiata  (Indian 
Tobacco). 

Family  Cueurbitaeeae,  a  group 
of  doubtful  relationship,  annexed 
to  the  Campanulinae.  Flowers  epi- 
gynous,  UNISEXUAL ;  calyx  and 
corolla  actinomorphic,  adnate  at 
the  base ;   stamens  five,  but  they 

FREQUENTLY    COHERE     either  IN 

PAIRS,  so  that  there  appear  to  be 
but  three  stamens,  or,  more  rarely, 
they  are  all  united  into  a  column ; 
anthers  monothecious  ;  ovary  tri- 
locular;  fruit  baccate,  a  pepo  or 
succulent  berry.  Herbs  without 
LATEX,  commonly  climbing  by  tendrils  (Figs.  585-587). 

The  majority  of  the  Cueurbitaeeae,  although  only  annual  herbs,  grow 
to  a  large  size.  They  are  usually  covered  with  stiff  hairs,  and  have 
long,  often  hollow  stems  with  large  heart-shaped  or  lobed  leaves  and 
corkscrew-like  tendrils  arising  near  the  leaves.  The  flowers  are 
axillary,  either  solitary  or  in  groups.  The  corolla  and  calyx  are 
united  together  at  the  base  into  a  cup -shaped  receptacle,  from  the 
margin  of  which  are  given  off  the  delicate  sepals.  The  gamopetalous 
corolla  extends  above  the  level  of  the  stigma ;  it  is  rotate  or  cam- 
panulate,  always  deeply  five-lobed,  and  of  a  yellow  or  whitish  colour. 
The  reduction  and  cohesion  of  the  tortuous  anthers  (anther-halves) 
give  the  androecium  a  highly  characteristic  appearance  (Fig.  587).  The 

3  A 


Fig.  587. — Bryonia  dioiai.  A,  Flowering  branch 
(reduced) ;  B,  female ;  C,  male  flower  (nat. 
size) ;  B,  androecium  (magnified) ;  E,  fruits  ; 
F,  fruit  in  section. — Poisonous. 
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three  loculi  of  the  ovary  are  almost  completely  filled  by  numerous 
ovules  and  projecting  fleshy  placentae.  The  fruit  is  a  spherical  or 
elongated  berry,  not  unfrequently  of  an  enormous  size.  Its  firm,  some- 
times hard  exocarp  (then  termed  a  pepo)  usually  encloses  a  succulent 
mesocarp  derived  chiefly  from  the  placentae.  The  seeds  are  large  and 
flat,  and  without  endosperm. 

Geographical  Distribution. — The  Cucurhitaceae  comprise  for  the  most  part 
plants  of  the  Tropical  Zone,  thriving  best  in  the  dry  open  districts.  Various 
species  are  cultivated  for  the  sake  of  their  fruit,  e.g.  the  Pumpkin  {Cucurbita  Pepo), 
the  Cucumber  {Cucumis  sativus),  the  Musk-melon  {Cucumis  Melo),  the  Water- 
melon {Citrullus  vulgaris),  etc. 

Poisonous. — Bryonia  dioica  (Fig.  587)  and  B.  alba,  hirsute  tendril-climbers 
with  tuberous  roots,  lobed  leaves,  and  comparatively  small  berries,  which  in  the 
former  species  are  red,  in  the  latter  white. 

Officinal. — Citrullus  Colocynthis,  a  herb  somewhat  resembling  the  cucumber, 
native  of  the  African  and  Arabian  deserts,  yields  Pulpa  Colocynthidis. 


Order  10.  Aggregatae 

Flowers  EPIGYNOUS,  actinomorphic  or  zygomorphic,  constructed  after 
the  formula  K5,  C(5),  A5,  G(2) ;  calyx  rudimentary  ;  stamens  in- 
serted on  the  corolla ;  anthers  usually  adherent  (syngenesious)  : 
ovary  unilocular,  with  one  ovule.  Fruit  indehiscent.  Inflorescence 
a  capitulum,  surrounded  by  an  INVOLUCRE. 

The  capitate  inflorescence  is  the  most  distinctive  characteristic  of  the 
Aggregatae.  The  margin  of  the  expanded  axis  of  the  inflorescence  is 
occupied  by  numerous  hypsophylls,  while  its  whole  upper  convex  or 
concave  surface  is  thickly  beset  with  small  flowers  (florets),  which 
are  frequently  given  off"  from  the  axils  of  reduced  subtending  bracts 
or  scales  (paleae).  In  its  general  appearance  the  whole  inflorescence 
resembles  a  single  flower,  particularly  when  the  marginal  flowers  are 
larger  than  the  central,  and  form  a  sort  of  corolla  about  them. 

In  the  united  anthers  and  in  the  occurrence  of  septated  latex  tubes  the  Compo- 
sitae  show  a  relationship  with  the  Campanulinae,  whilst  the  Dipsacaceae,  on  the 
other  hand,  are  apparently  connected  by  intermediate  forms  with  the  Valerianaceae. 

Family  Dipsaeaeeae. — Flowers  with  epi calyx,  usually  zygo- 
morphic ;  corolla  four-  to  five-lobed,  imbricate  in  the  bud  ;  stamens 
four,  with  free  anthers ;  style  simple  ;  ovules  suspended  ;  seeds 
with  endosperm.    Leaves  opposite  (Fig.  588). 

Herbs  with  simple  or  pinnate  leaves  and  many-flowered,  flat  or 
convex  capitula  whose  marginal  flowers  are  frequently  larger  than  the 
central.  The  possession  of  an  epicalyx  consisting  of  united  bracteoles 
is  characteristic  of  the  flowers  of  this  family.  The  true  calyx  is 
rudimental,  represented  only  by  teeth  or  bristles.    By  the  cohesion  of 
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the  two  posterior  lobes  of  the  corolla,  it  frequently  becomes  apparently 
tetramerous ;  when  the  andrcecium  is  tetrameroiis,  it  is  in  consequence 
of  the  suppression  of  the  median  stamen.  The  nut -like  fruit  is 
enveloped  by  the  persistent  epicalyx. 

Repkesentatiye  Genera. — {a)  "With  palese  :  Dipsacus  (Teasel),  thistle-like, 


ct         c  h 

Fig.  oSS. — Succisa  pratensis.    a,  Flower  Fig.  589. — Composito.e.  Floral 

with  epical ;  fe,  the  same  after  re-  diagram  (C(??*d  in/5), 

moval  of  epicalyx ;  c,  finiit  in  longi- 
tudinal section  ;  /.  ovary :  hk,  epi- 
calyx. 

witli  prickly,  involucral  bracts  and  scales,  corolla  foiu'-lobed ;  ScaMosa,  involucre 
herbaceous,  corolla  five-lobed  ;  Succisa,  corolla  four-lobed  (Fig.  588).  (b)  Without 
pale«  :  Knautia. 

Geographical  Distribution. — The  Dipsacaceae  are  chiefly  met  with  in  sunny 
situations  in  the  Mediterranean  region.    Some  species  occur  in  more  northern 


Fig.  590. — Longitudinal  section  of  capitulum,  a,  of  Lopixi  major  with  pales ;  b,  of  Matricaria 
ChamomUhi  without  palea-.— Of/7C/-vjz.    (After  Berg  and  ScmiiDX,  magnified.) 

latitudes.  The  heads  Dipsacus  fuUonum,  the  cultivated  Fuller's  Teasel,  have 
hooked  palese,  and  are  used  for  raising  a  nap  upon  woollen  cloth. 

Family  Calyceraceae. — Flowers  AvixHorT  epicalyx  ;  corolla  valtate  ;  stamens 
united  ;  style  simple  ;  ovules  suspended  ;   seeds  with  en^dosperm.     A  small 
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South  American  family,  which  is  only  of  interest  as  establishing  the  connection 
between  the  Dipsacaccac  and  Compositac. 

Family   Compositae.  —  Flowers    without    epi calyx  ;  corolla 

YALYATE  ;  stamens  FIYE,  with  SYXGENESIOUS  anthers  ;  style  BIFID  : 

ovules  ERECT ;  seeds  without  endosperm.  Leaves  commonly 
alternate  (Figs.  589-594). 

The  Compositae  comprise  mostly  herbs,  rarel}^,  and  then  usually  con- 
fined to  the  Tropics,  shrubs,  lianes,  and  trees.  The  vegetative  organs 
var}'  so  greatly  in  their  external  appearance  that  they  furnish  no  features 
that  are  valuable  as  a  means  of  distinguishing  the  family  :  chemically, 
however,  the  Compositae  are  characterised  by  the  presence  of  inulin  in 
their  subterranean  parts.    The  flowers  and  inflorescences,  on  the  other 


Fig.  501. — Arnica  montana.  o,  Ray-flower;  h, 
disc-flower ;  e,  the  same  cut  through  longi- 
tudinally. (After  Berg  and  Schmidt,  mag- 
nified.) 


Fig.  502. — Arnica  montana.  a,  Receptacle  of 
capitulum  after  removal  of  fruit ;  h,  fruit  in 
longitudinal  section,  the  pappus  only  partly 
shown.  (After  Berg  and  Schmidt,  magni- 
fied.) 


hand,  although  they  also  exhibit  great  diversity  of  form,  are  always 
easily  recognisable.  The  heads  (Fig.  590)  are  either  solitary  or  com- 
bined in  compound  inflorescences,  generall}-  of  a  dichasial  character. 
The  involucral  bracts  are  sometimes  herbaceous  and  green  ;  sometimes 
scarious  and  then  often  highly  coloured,  as  in  Helichrysum  and  other 
genera ;  sometimes,  as  in  many  species  of  Centaurea,  they  are  provided 
with  dry  fringed  margins,  or,  as  in  the  Thistle,  they  may  be  prickly. 
The  expanded  floral  axis,  the  receptacle  of  the  capitulum,  is  concave  or 
flat  (Fig,  590,  a),  slightly  elevated  or  prolonged  conically.  It  is  some- 
times naked  {a)  or  hairy,  sometimes  covered  with  small  scales  {h), 
alwaj's  pitted  like  the  surface  of  a  thimble,  with  alveoli  in  which  the 
separate  flowers  are  inserted.  The  calyx  is  never  green,  and  is  only 
rarely  represented  by  five  colourless  segments.  It  usuallj^  consists  of 
a  cushion-like  ring  which  bears  the  pappus,  a  tuft  of  bristles  or  hairs 
(Fig.  591).  The  corolla  is  often  regular  and  five-lobed  (Fig.  591,  h), 
as  in  the  Thistle.  When  zygomorphic,  it  ma}^  be  bilabiate,  as  in  the 
South  American  Mutisieae  ;  more  frequentl}',  by  the  suppression  of  the 
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upper  lip,  it  becomes  one-lipped  or  falsely  ligulate  (Fig.  591,  o), 
as  in  the  marginal  flowers  of  the  Chrysanthemum  ;  or  it  is  ligulate 
and  split  for  a  considerable  distance  on  one  side,  as  in  Ta.rai-nc^im 
(Fig.  593,  2).  The  one-lipped  and  ligulate  flowers  are  very  similar  in 
appearance,  but  in  the  one-lipped  flowers  the  corolla  has  only  three 
teeth,  in  the  ligulate  five.  The  margin  of  the  receptacle  is  frequently 
occupied  by  one-lipped  flowers,  and  the  central  portion  or  disc  by 
actinomorphic  tubular  flowers.  In  such  cases  it  is  customary  to 
distinguish  between  ray-flowers  and  disc-flowers.  The  former  are 
frequently  female  {Arnica,  Inula,  Matrkaria)  or  neuter  {Cenfaurea 
Cj/anus) ;  the  disc-flowers  are  sometimes  all  male  {Tussilago).  The 
style  diWdes  at  the  apex  into  two  variously  shaped  stigmas,  and  is 
surrounded  at  the  base  by  a  honey -secreting  disc.  The  frl'IT 
(Fig.  592,  b)  is  a  one-seeded  indehiscent  fruit  or  achene ;  it  is  usually 


one  fruit.— Oj-'Fic/.yAL.    (After  Wossidlo.) 


crowned  by  a  pappus  which  is  of  service  in  the  dissemination  of  the 
seeds  by  the  wind.  The  pericarp  is  leathery,  and  often  adherent  to 
the  oily  seed. 

Sub-Families,  Tkibes,  and  Representative  Geneiia.  — (1)  TuhuUjiorae. 
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Flowers  actinomorpliic  or  the  ray-flowers  one-lipped,  no  latex.  (A)  Cynareae. 
Receptacle  with  setaceous  paleae,  involucral  leaves  either  prickly  or  with 
membranaceous  margins,  style  swollen  below  the  stigmas  into  a  cushion-like  ring, 
fruit  with  pappus.  Carduus  (Plumeless  Thistle),  involucre  prickly,  hairs  of  pappus 
naked  :  Cirsium  (Common  or  Plumed  Thistle),  like  the  preceding,  but  with 
feathery  pappus  ;  Cnicus  (Blessed  Thistle)  ;  Lappa  (Burdock),  tips  of  involucral 
leaves  hooked  ;  Centaurea,  involucral  leaves  with  bristles  or  membranous  margins, 

ray-flowers,  neuter.  {B)  Eupatoricae.  FloM'ers 
actinomorpliic,  involucre  herbaceous,  receptacle 
without  paleae,  style  not  swollen  below  the 
stigmas  ;  Petasites  {P.  vulgaris,  the  Butter-bur) ; 
Tussilago  (Coltsfoot)  ;  Eupatorium  (Thorough- 
wort).  (C)  Astcrcae.  Marginal  flowers  female, 
usually  zygom Orphic,  (a)  Anthemideae,  with- 
out pappus ;  Anthcmis  (Chamomile)  and 
Achillea  (Milfoil,  Yarrow),  with  paleae  ;  Matri- 
caria (Wild  Chamomile)  and  Chrysanthemurii, 
without  paleae  ;  Artemisia  (Wormwood),  with 
tubular  floAvers  only.  (&)  Heliantheae ;  Heli- 
a?i^AMS  (Sunflower),  (c)  Caletiduleae  ;  Calendula 
(Marigold),  [d)  Senecioneae,  pappus  hairy ; 
Senecio  (Groundsel)  ;  Arnica.  \{e)  Astereae, 
paj)pus  bristle -like,  frequently  brown  ;  Aster  ; 
Solidago  (Golden-rod);  Erigeron  (Fleabane); 
Inula  (Elecampane)  ;  Gnaphaliura  (Cudweed)  ; 
Antennaria  (Everlasting  Cat's-foot)  and  Heli- 
chrysum,  with  scarious  involucre.  (/)  Amhro- 
sieae,  anthers  free ;  XantMurn  (Cocklebur). 
(2)  Lahiatifiorae.  Flowers  bilabiate.  The 
majority  of  the  plants  in  this  group  are  native 
of  South  America  ;  none  occur  in  Europe.  (3) 
LiguUflorae.  Flowers  ligulate.  Mostly  herbs 
with  se^jtated  latex-tubes.  Taraxacum  (Dande- 
lion), Avith  beaked  fruit,  pappus  of  unbranched 
hairs ;  Lactuca  (Lettuce)  ;  Crepis  (Hawk's- 
beard)  ;  Hieracium  (Hawkweed),  with  brownish 
pappus  of  unbranched  hairs  ;  Sonchus  (Sow- 
Thistle)  ;  Scorzonera  and  Tragopogon  ( T.  porri- 
folius,  Salsify),  with  feathery  pappus  ;  Leon- 
todon  (Hawkbit). 

Geographical  Distribution.— The  Compositae  form  the  largest  family  of  the 
vegetable  kingdom,  comprising  from  10,000  to  12,000  species,  scattered  over  the  whole 
world.  The  following  are  important  on  account  of  their  special  economic  value. 
Lactuca  sativa  (Lettuce),  Cichorium  Endivia  (Endive),  0.  Intyhus  (Chicory), 
Cynara  Scolymus  (Artichoke),  Scorzonera  Msp>anica  (Viper's -grass),  Artemisia 
Dracunculus  (Tarragon).  Ornamental  plants  :  Dahlia  variabilis  (Dahlia),  various 
species  of  Aster  and  Chrysanthemum,  Helianthus  annuus  (Common  Sunflower), 
Calendula  officinalis  (Pot-Marigold). 

Poisonous.— Xac^wca  virosa  (Fig.  594),  a  tall  glabrous  herb  over  1-50  meti-e 
high,  with  elongated  amplexicaul  leaves  and  small  yelloAv-flowered  capitula  in 
Corymbs.    The  achenes  are  black  and  have  a  white  pappus.    The  whole  plant  is 


Fig.  594.— Lacfw/ja  virosa  {h  nat.  size) 
Poisosous  sxvd.  Officixal. 
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abundantly  supplied  with  a  white,  ill -smelling  latex,  which,  as  Lactucarium, 
is  officinal  in  Austria.  The  plant  is  not  dangerously  poisonous.  Lactuca  Smriola 
(Prickly  Lettuce)  resembles  the  preceding  species,  but  has  almost  vertical  leaves, 
not  horizontal  as  in  L.  inrosa,  and  brownish  achenes  ;  it  is  not  poisonous. 

Officinal. — Arnica  montana  yields  Radix  et  Floees  Arnicae  ;  Artemisia 
Absinthium  (Common  Wormwood),  Herba  Absixthii  ;  Artemisia  sp.  (from 
Turkestan),  Flores  Cinae  ;  Matricaria  Charaomilla,  Matricaria,  the  German 
Chamomile  ;  Cnicus  heiiedictus  (Southern  Europe),  Herba  Cardui  benedicti  ; 

(Common  Elecampane),  Radix  Inulae  ;  Tussilago  Farfara,  Folia 
Farfarae  :  Achillea  Millefolium  (Common  Yarrow  or  Milfoil),  Herba  Millefolii  ; 
Anthemis  nohilis  (Garden  Chamomile),  Flores  Axthemidis  ;  Spilanthes  oleracea 
(South  America),  Herba  Spilaxthis  ;  Lappoj  vulgaris,  Radix  Lappae  ;  Ano.cyclus 
Pyrcthrum  (Southern  Em-ope),  Radix  Pyrethri  ;  Taraxacum  officinalis  Common 
Dandelion),  Radix  et  Folia  Taraxaci  ;  Lactuca  virosa,  LACTUCARirM.  ' 


LIST  OF  OFFICINAL  PLANTS 


{Asterisks  deiiote  Illustrations.) 


Abies  alba,  *440,  442 

Acacia,  Catechu,  558  ;  Senegal,  *557,  558  ; 

Siima,  558 
Achillea  Millefolium,  599 
Acouitum  Napellus,  "'^511,  ■"■5r2-"514 
Acorus  Calamus,  *474 
Agathis  loranthifolia,  442 
Agropyrum  repeus,  482 
Aloe  socotrina,  *468 
Alpinia  officiuarum,  486 
Althaea  officinalis,  *530 
Anacyclus  Pyrethrum,  599 
Andira  Araroba,  562 
Anthemis  nobilis,  599 
Archangelica  officinalis,  550 
Arctostaphylos  Uva  ursi,  '^569 
Areca  Catechu,  473 
Arnica  montana,  *596,  599 
Artemisia  Absinthium,  599 

sp.  (Flores  Cinae),  599 
Aspidium  filix  mas,  *397,  400,  "401,  406 
Aspidospernia  Quebracho,  575 
Astragalus,  562 
Atropa  Belladonna,  *580,  582 

Beta  vulgaris  var.  Kapa,  *507 
Boswellia  Bhau-Dajiana,  535  ;  Cartesii,  ib. 
Brassica  nigra,  520 

Canarium,  535 

Cannabis  sativa,  *501,  502,  503 
Capsicum  annuum,  582 
Carum  Carvi,  *546,  550 
Cassia  acutifolia,  *557,  559  ;  angustifolia, 
559 

Cephaelis  Ipecacuanha,  589 

Cetraria  islandica,  "'^379,  381 

Chondrus  crispus,  "'■334,  337 

Cinchona  lancifolia,  *589  ;  succirulira,  ib.  ; 

Ledgeriana,  ib. 
Cinnamomum    zeylanicum,    *516,    517  ; 

Campliora,  517  ;  Cassia,  517 
Citrullus  Colocynthis,  594 


Citrus  Limonum,  535  ;  vulgaris,  535 
Claviceps  purpurea,  *357,  358  ;  sclerotium 

of,  *87 
Cnicus  benedictus,  599 
Cochlearia  officinalis,  520 
Cocos  nucifera,  "'^471,  *472,  473 
Coffea  arabica,  *588 
Colchicum  autumnale,  *467,  468 
Commiphora  Myrrha,  535 
Coniuni  maculatum,  *546 
Copaifera  guianensis,  559  ;  officinalis,  559 
Coriandrum  sativum,  '^''546,  550 
Crocus  sativus,  470 
Croton  Eleuteria,  543  ;  Tiglium,  543 
Curcuma  Zedoaria,  486 
Cydonia  vulgaris,  556 

Datura  Stramonium,  *581,  582 
Digitalis  purpurea,  *583,  '"'584 
Dorema  Ammoniacum,  550 

Elettaria  Cardamomum,  486 
Erythraea  Centaurium,  ''573 
Erythroxylum  Coca,  533 
Eugenia  caryophyllata,  *564,  565 
Euphorbia  resinifera,  *541,  543 

Ferula  galbaniflua,  550  ;  Narthex,  550  ; 

rubricaulis,  550 
Foeniculum  capillaceum,  550  ;  officinale, 

^^"546 

Fraxinus  Ornus,  "'''572,  5?4 

Galeopsis  ochroleuca,  *587 

Garcinia  Morella,  525 

Gentiana  lutea,   *573,  575  ;  panuonica, 

575  ;  punctata,  575  ;  purpurea,  575 
Gigartina  mammillosa,  *335,  337 
Glycyrrhiza  glabra,  562 
Gonolobus  Condurango,  576 
Gossypium  herbaceum,  *531 

Haematoxylon  campechianum,  559 
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Hagenia  abyssinica,  *552,  556 
Hopea,  525 
Hordenm  viilgare,  482 
Humnlus  Lupuliis,  *502,  503 
Hydrastis  canadensis,  514 
Hyoscyamus  niger,  *581,  582 

IndLxV  Helenium,  599 
Ipomoea  Purga,  577 

Iris  florentina,  *469,  470  ;  gernianica,  470  ; 
pallida,  470 

Jateorhiza  Calumba,  516 
Juglans  regia,  *498,  499 
Juniperus   communis,   *439,   442  ;  oxy- 
cedrus,  442  ;  Sabina,  *442 

Krameria  triandra,  559 

Lactuca  virosa,  *598,  599 
Lauiinaria  digitata,  forma  Cloustoni,  *329, 
334 

Lappa  major,  *595  ;  vulgaris,  599 
Larix  europaea,  441,  442  ;  sibirica,  442 
Laurus  nobilis,  517 
Lavandula  vera,  587 
Levisticum  officinale,  550 
Linum  usitatissimum,  '"'533 
Liquidambar  styraciflua,  552 
Lycopodium  clavatum,  416,  *417,  418 

Mallotus  philippinensis,  543 

Malva  silvestris,  *530,  531  ;  vulgaris,  531 

Maranta  avundinacea,  487 

Matricaria  Chamomilla,  *595,  599 

Melilotus  altissimus,  562  ;  officinalis,  562 

Melissa  officinalis,  *586,  587 

Mentha  crispa,  587  ;  piperita,  587 

Menyantlies  trifoliata,  575 

Morns  nigra,  502 

Myristica  fragrans,  515  ;  moscbata,  *51G 

Nicotiana  Tabacum,  ""579,  *580,  582 

Olea  europaea,  *572,  574 
Ononis  spinosa,  562 
Orchis,  '^487,  *488,  *489,  490 
Origanum  vulgare,  587 

Palaquicm,  569  ■ 

Papaver  somniferum,  *521,  522 

Physostigma  venenosum,  562 

Picraena  excelsa,  535 

Pilocarpus  pennatifolius,  535 

Pimpinella  Anisum,  *546,  550  ;  magna, 
550  ;  Saxifraga,  550 

Pinus  australis,  442  ;  Laricio,  442  ;  Pinaster. 
442  ;  Pumilio,  *434,  443  ;  silvestris, 
*434,  *435,  *441,  442  ;  Taeda,  442 

Piper  Cubeba,  *504 


Pistacia  Lenticus,  535 

Podophyllum  peltatum,  516 

Polygala  Senega,  *533,  534 

Polyporus  fomentarius,  370,  373 

Prunus  Amygdalus,  556  ;  domestica,  556  ; 

Laitrocerasus,  556 
Pterocarpus  santalinus,  562 
Puuica  Granatum,  564 

Quassia  amara,  535 

Quercus  iDcdunculata,  *495,  *496  ;  lusi- 
taniea  var.  infectoria,  499 

Rheum  officinale,  *505,  *506  ;  palma- 

tum  var.  tauguticum,  506 
Ribes  rubrum,  552 
Ricinus  communis,  *"542,  543 
Rhamnus  Frangula,  *538,  539  ;  cathar- 

tica,  539  ;  Purshiana,  539 
Rosa  centifolia,  556  ;  daraascena,  556 
Rosmarinus  officinalis,  587 
Rubus  idaeus,  556 

Sabadilla  officinarum,  468 

Saccharuui  officinarum,  '^481,  482 

Salix  alba,  494,  495 

Salvia  officinalis,  587 

Sambucus  canadensis,  590  ;  nigra,  590 

Santalum  album,  566 

Sassafras  officinale,  517 

Secale  cornutum,  *87,  *357,  358 

Smilax,  468 

Solanum  Dulcamara,  582 
i  Spilanthes  oleracea,  *87,  *357,  358 
Strophanthus,  575 
Strychnos  nux  vomica,  574 
Styrax  Benzoin,  569 

Tamarindus  indica,  *558,  559 
Taraxacum  officinalis,  '*597,  599 
Then  chinensis,  *524,  525 
Theobroma  Cacao,  *529 
Thymus  Serpyllum,  587  ;  vulgaris,  587 
Tilia  gi-andifolia,  528  ;  parvifolia,  *528 
Toluifera  Balsamum,  562  ;  Pereirae,  562 
Triticum  vulgare,  *480-482 
Tussilago  Farfara,  599 

Uncaria  Gambir,  589 
Urginea  maritima,  468 

Valeriana  dioica,  591  ;  officinalis,  *591 
Vanilla  planifolia,  *489,  490 
Veratrum  album,  468 
Verbascum  phlomoides,  583  ;  thapsiforme. 
*583 

Viola  tricolor,  *523,  524 
Vitis  vinifera,  *538 

1  Zingiber  officinale,  *485,  486 
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AconitumNapellus,*448,*511,*512-*514 

Lycoctomim,  *512-514 

Stoerckeanum,  514 

variegatum,  514 
Adonis  vernalis,  514 
Aethusa  Cynapium,  *549,  550 
Agrostemma  Gitliago,  *509 
Amanita  muscaria,  *372,  373 

pantheriua,  373 
Anagallis  arvensis,  *570,  571 

coerulea,  571 
Anemone  Pulsatilla,  *513,  514 

neraorosa,  514 
Arum  maculatum,  *473,  *474 
Atropa  Belladonna,  *580,  582 
Azalea,  568 

Berula  angustifolia,  550 
Boletus  Satanas,  370,  *37l 
Bryonia  alba,  594 

dioica,  *593,  594 
Buxus  sempervirens,  539 

Calla  palustris,  474 
Caltha  palustris,  *512,  514 
Cicuta  virosa,  *547,  550 
Claviceps  purpurea,  *87,  *357,  358 
Clematis,  514 

Colchicura  autumnale,  *467 
Conium  maculatum,  *546,  *548,  550 
Convallaria  majalis,  468 
Coronilla  varia,  *560,  562 
Cyclamen  europaeum,  *570,  571 
Cytisus  alpimis,  562 

biflorus,  562 

Laburnum,  *561,  562 

purpureus,  562 

Weldini,  562 

Daphne  Cneorum,  539 
Laureola,  539 
Mezereum,  *539 
striata,  539 


Illustrations.) 

Datura  Stramonium,  *581,  582 
Delphinium  Staphysagria,  514 
Digitalis  purpurea,  *583,  584 

Ergot,  87,  357,  358 

Euphorbia  cyparissias,  *541,  543 

Evonymus  europaea,  *538 

Fritillaria  imperialis,  468 

Gratiola  officinalis,  583 

Hedera  Helix,  *545 
Helleborus  foetidus,  *512,  514 

niger,  514 

viridis,  514 
Helvella  suspecta,  360 
Hippomane  Mancinella,  543 
Hyoscyamus  niger,  *447,  *581,  582 

Illicium   anisattjm,    515  ;  religiosum, 
515 

Juniperus  Sabina,  *442 

Lactarius  torminosus,  373 
Lactuca  virosa,  *598,  599 
Ledum  palustre,  568 
Lolium  linicola,  482 
temulentum,  481,  *482 

Mercurialis  annua,  *543 
Mushrooms,  371-373 

Nerium  Oleander,  *574,  575 
Nicotiana  Tabacum,  *579,  *580,  582 

Oenanthe,  550 

Papaver  somniferum,  *521,  522 
Paris  quadrifolia,  *467,  468 
Prunus  Laurocerasus,  555 
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Ranunculus  aceh,  *511 
acris,  514 

sceleratus,  *513,  514 
Rhododendron,  568 
Ricinus  comnmnis,  "542,  543 
Russula  emetica,  373 
Ruta  graveolens,  "••534,  535 

Saponaria  officinalis,  509 
Scleroderma  vulgare,  *373 
Secale  cornutuni,  *87,  '"'357,  358 
Shim  latifolium,  *548,  550 


Solauum  Dulcamara,  582 

nigrum,  582 

tuberosum,  *24,  582 
Stryclinos,  574 

Taxus  baccata,  *443,  *444 
Tulipa,  468 

Veratrum  album,  468 
Vincetoxicuui  officinale,  '"'576 
Viscum  album,  *17,  ""566,  567 

Wistaria  sinensis,  562 


INDEX 


{Asterisks  denote  Illustrdiions.) 


Abies,  439  ;  alba,  442 
Ahietoideae,  439 

Absorptive  power  of  soil,  176,  183 
Absynthin,  206 

Acacia,*^h7 ,  558  ;  pliyllodes,  36  ;  pycnan- 

tha,  *46  ;  sphaerocepliala,  213,  ''214 
Acanthaceae,  585 
Acanthorrhiza,  root-tliorus,  43 
Acaulescent  plants,  28 
Accessory  fructifications,  343 
Acer,  *hZQ,  537 
Aceracea,  536,  537 
Acetabvlaria,  *328 
Achene,  460 

Achillea,  *448,  598,  599 
Achlya,  *346 

Acid  from  roots,  on  marble,  183,  184 
Aconitin,  206 

Aconitum,  *448,  511,  *512-514 

Acorns,  *474,   475  ;   ethereal   oils,   73  ; 

root,  *105 
Acrasieae,  305 

Acrocomia,  germinal  pore,  294 
Acrogynous  Jimgermanniaceae,  390 
Acropetal  development,  12,  225 
Actaea,  511 

Actinomorphic  plants,  16,  453 
Acyclic  flowers,  451 
Adansonia,  239 

Adder's  Tongue  Fern,  Op)hioglossv.m 
Adonis,  511,  514 

Adventitious  shoots,  20,  225  ;  roots,  41  ; 

buds,  144  ;  bulbs,  278  ;  germs,  278, 

*279,  *457 
^cidiospores,  364,  365 
yEcidium,  *364,  365,  367  ;  pathological 

effects  of,  155 
Aerating  roots,  43 
Aerobionts,  213 

Aeroti'opism,  263  ;  pollen  grain,  281 
iEsculin,  74,  205 

Aesculus,  537  ;  bud-scales,  33  ;  glandular 
colleters,  100 


Estivation,  37,  446 
Aethalinm ,  304 
Aethusa,  *549,  550 
After-eftects,  238,  256 
A  gar- agar,  337 
Agaricineae,  371 

Agaricus,  hypha,  "60  ;  phosphorescence. 
223 

Agathis,  439,  442 
Agave,  185,  204  ;  stem,  28 
Aggregatae,  594 
Agrimonia,  554 
Agropyrum  repens,  482 
Agrosfemma,  *509 
Agrostideae,  480 
Air  stomata,  95,  *190 

in  intercellular  spaces,  87,  *108,  221 
Aira,  480 
Aizoaceae,  509 
Ajuga,  587 
Alaria,  334 

Albuminates  of  the  protoplasm,  54 
Albuminous  substances,  formation  of,  201 
Alburnum,  124 
Alchemilla,  '''451,  *553,  554 
Alcoholic  fermentation,  211,  212 
Alder,  Alnvs 

Aleuroue,  70,  ''71  ;  a  reserve  material,  205 
Alexine,  212 

Algae,  Green,  318  ;  forms  of,  11  ;  chloro- 
phyll bodies,  57  ;  albumen  crystals, 

71  ;  apical  cells,  148  ;  symbiosis  with 
lichens  and  animals,  213  ;  phosphor- 
escence, 223 

Red,  Rhodop)hyceae 
Algal  Fungi,  34i,  343 
Alisma,  483  ;  plaataga,  shoot  of,  '■'457 
Alismaceae,  482 
Alkaloids,  54,  74,  206 
Allantoin,  203 

Allivm,  466,  467  ;  bud,  17  ;  fats  and  oils, 

72  ;  Cep>a,  adventitious  root  of,  "110  ; 
rotation  of  ovaries,  258 
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Almond,  Prvnus  Amygdalus 
Alnus,  496,  *497  ;  attacked  by  Exoascus, 
352 

Aloe  socotrina,  *468  ;  oils,  72 

nigricans,  *94 
Aloin,  206 
Alopectirus,  480 
Alpine  Violet,  Cyclamen 
AljH/iia,  486 
Alsage  Orange,  Madura 
Alsinoideae,  508 
Alsnphila,  400,  *404 
Alstroemeriae,  258 
Alternation  of  generations,  44,  289 
Althaea,  *530,  531 
Aluminium  in  plants,  172,  175 
Alyssnm,  519 
Amanita,  369,  *372,  373 
Amarantaceae,  507  ;  thickening,  137 
Amarantns,  507  ;  bundles,  117 
A  raaryllidaceae,  468 
Amber,  88 
Ambrosieae,  598 
Amel  corn,  Triticum  dicoccum 
Amentaceae,  492 
Arnicia,  *271 
Amide,  54,  203 
Amitotic  division,  62 
Ammonia,  53,  173 
Arnmoniacnm,  550 

Amoebae,  213  ;  symbiosis  with  algae,  176 

Amoeboid  movements,  52,  242 

^1  -mor2)ho2)haU us,  474 

Ampelopsis,  *26,  249,  *267,  538 

Amphibious  plants,  236 

Amphigastrium,  *389 

Amygdalae,  228,  556 

Amygdalin,  74,  205 

Amylodextrin,  70 

Amyloid,  70,  81 

Amyluni  centres,  *59,  71 

Amylum  tritici,  482  ;  maro.ntae,  487 

Anahaena,  213,  308,  408 

Anacardiaccae,  535 

Anacrogynous  Jungermanniaceae,  389 

Anacyclus,  599 

Anaerobionts,  213,  220 

Anagallis,  *570,  571 

Ananassa,  470 

Anaphases,  62 

Anaptychia,  *380 

Anatomy,  10,  47 

Auatropous  ovule,  *430,  431 

Andira  Araroba,  562 

Andreaea,  394,  *395 

Andreaeaceac,  394 

Androecium,  *428,  447,  *448 

Andrunieda,  568 

Andro2)ogon,  481 

Andropogoneae,  480 

Aiulrosace,  571 


Aneima,  """404 

.4?iemone,  511-*513,  514  ;   fungus  on. 

359,  367 
Anemophilous  plants,  282 
A  net  hum,  550 
Aneura,  148 
Angelica,  549 
Angiopteris,  404 

Angiospermae,    444  ;    fertilisation,  *67, 
454  ;  bundles,  103  ;  floral  leaves,  114 
Angrecum  globvlosum,  43 
Anilin  sulphate,  80 

Animals,  agents  for  dissemination  of  seeds. 
292 

Anise,  Illicium 

Anisotropy,  250 

Annual  rings,  *123,  *126,  *130 

Annuals,  27 

Annularia,  415 

Anmdus,  inferus  and  supterv.s,  371  ;  of 

sporangia,  248,  402 
Anonaceae,  515 
Antennaria,  598 
Anthela,  461 
Anthemideae,  598 
Anthemis,  598,  599 
Anther,  *447 

Antheridia,  319  ;  of  the  Bryophyta,  *381  ; 

of  the  Ferns,  '"'405 
Anthesis,  446 
Anthoceros,  *389 
Anthocerotaceae,  384,  388 
Anthocyanin,  74 
A  n thoxa n th  u m ,  480 
Anthriscus,  549,  550 
Anthyllis,  561 
Anticlinal  Avails,  149 
Antimony  in  plants,  172 
Antipodal  cells,  4  54 
Antirrhinoideae,  582 
Antirrhinum,  248,  583 
Antitoxine,  212 
Ant  plants,  213,  *214 
Apex,  147 
.1  pium,  550 
Aplanogametes,  326 
Apocarpous  gyncecium,  448 
Apocynaceae,  83,  575 
Apogamy,  279 
Apophysis,  392 
Apospory,  291 
Apothecium,  351,  359 
Apple,  Pirus  malus 
Apposition,  growth  by,  79,  231 
Apricot,  Prunus  armeniaca 
Aquifoliaceae,  537 
Aquilegia,  511 
Ardbis,  519 

Araceae,  473  ;  roots,  43  ;  velamen,  100  ; 
idioblasts,  *108  ;  heat  by  respiration, 
221 
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Arachis,  561  ;  germination,  293 

Araliaceae,  545 

Aralias,  bundles,  119 

Araucaria,  124,  132,  438,  440 

Araucarioideae,  439 

Arbor  Vitae,  Thujus 

Arhutoideae,  568 

Archangelica,  549,  550 

Archegoniatae,  381,  383 

Archegonium,   of   the    Bryophyta,  381, 

*382  ;  of  Polypodimn,   405,  *406  ; 

of  the  Gymnospermae,  435 
Arctostaphylos,  568,  *569 
Arcyria,  *304 
Ardisia,  571 
Areca,  473 
Arenaria,  508 
AtHIus  432 

Aristolochia,  *490,  566  ;  stem,  109,  '"121, 
*123 

Aristolochiaceae,  566 
Armeria,  *571,  572 
Armillaria,  *369,  372 
^r7^^■ca,  596-599 
Arrow-grass,  Triglochin 

-head,  Sagittaria 

-root,  487 

-wood,  Vihirnum 
Arsenic  in  plants,  172 
Artemisia,  598,  599 
Arthrosporous  bacteria,  309 
Artichoke,  Cynara  scolymus 

Jerusalem,  Helianthus  tuberosus 
ArtocarjJus,  502 
Aricm,  *'473,  *474 
Asafoetida,  550 
Asarabacca,  Asarum 
Asarum,  *565,  566 
Asclepiadaceae,  83,  576 
Asclepias,  *575,  576 
Ascolichenae,  378 

^sco?P.?/ce^es,  213,  342,  351,  375  ;  cells,  65 
^scM5,  342,  *351 
Asexual  generation,  384 

reproduction,  275 

spores,  341 
Ash,  334 

Asparagin,  74  ;  protoplasm,  54  ;  bleeding, 

185  ;  from  carbohydrates,  202 
Asparagoideae,  466 

Asparagus,  466,  467  ;  rust  fungus  of,  366 
Aspergillus  glaucus,    *353  ;  fumigatus, 
212 

Asperula,  *588,  589 

Aspidium,  291,  *397,  400,  *401,  406 

Aspidosperma,  575 

Asplenium,  195,  227  ;  scale -hairs,  *98  ; 

buds,  279 
Assimilation,  195 

starch,  68 
Aster,  598 


Astereae,  598 
Asterophyllites,  415 

Astragalus,  561,  562  ;  gum,  81  ;  pilostyles, 
209 

Astrantia,  546 
Asymmetrical  flowers,  453 
Atavism,  154,  277 
Athyrium,  279,  291 
Atmospheric  pressure,  187 
A  triplex,  507 
Atropa,  *580,  582 
Atropin,  206 

Atropous  ovule,  *430,  431 
Attraction  spheres,  *48 
Attractive  apparatus,  283 
Aurantieae,  receptacles,  88 
Auricularia,  111,  368 
Aurictdarieae,  363,  368 
Autohasidiomycetes,  363 
;  Autoecious  Uredineae,  366 
Autonomic  movements,  248,  270 
Autumn  wood,  123 
Auxanometer,  232,  233 
Auxospores,  313,  *314 
Avena,  480,  481  ;  starch,  ''69 
Aveneae,  480 
Axial  wood,  138 
Axillary  shoots,  19 

Axis,  21  ;  of  a  shoot,  28  ;  of  a  flower, 

450  ;  of  attractive  apparatus,  283 
Azalea,  568 

Azolla,  213,  407,  408,  411 
Azorella,  547 
Azygospores,  348 

Bacillus,  210,  *309,  *311,  *312 

Bacteria,  210,  305,  308,  309  ;  nitrogen, 
173  ;  iron  and  sulphur,  220  ;  phos- 
phorescent, 223 

Bacterioids,  210 

Bacterium  termo,  309,  311 

Balanophoraceae,  566  ;  reduction  of  leaves, 
26 

Balm,  common,  Melissa 

Balsam,  533,  559,  562,  see  Impatiens 

of  Tolu,  562 

of  Peru,  562 
Balsaminaceae,  533 
Bamboo,  Tabasheer,  175 
Bambuseae,  480 
Banana,  Musa 

Banyan,  Ficus  bengalensis,  indicus 

Barbarea,  519 

Barberry,  Berberis 

Barium  in  plants,  172 

Bark,  141 

Barley,  Hordeum 

Base,  147 

Base-rocket,  Resseda  lutea 
Basidia,  342,  ^363 
I  Basidiomycetes,  342,  362,  363,  375 
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Bas-swood,  Tilia 

Bast,  121,  133,  *134,  *137,  *138 
Bastards,  see  Hybridisation 
Bastard  toad-flax,  Thesium  linophi/Ui'm 
Batmchosperiiiion,  334-*336 
Bearberry,  A  retostaphylos 
Bearded  Darnel,  LoUnm  tenv.lentiun 
Beard  Lichen,  Usnea  harhata 
Bear's-foot,  HeUehorus  foetid vs 
Bedstraw,  Golinm 
Beech,  Fagiis 

Beer-yeast,  Saecharomycetes 
Beet,  ^Beta 

Befigiatoa,  310  ;  sulphin^,  73 
Begonia,  525  ;  roots,  41  ;  bundles.  119  : 
multiplication,  228 
scandens,  254 
Bef/o/iiaceae,  525 
Belladonna,  582 
Bell-flower,  Cui/i pan  nla 
Benzoinuni,  569 
Berberidacei  n\  516 

Berberis,  *516  ;  leaves  of,  36  ;  attacked 

by  rust  fungus,  366 
Berrj'",  structure  of,  460 
BerthoUetia,  73 
Benda,  550 
Beta,  235,  *507 
Betain,  203 
Betonv,  jStachi/s 

Betida,    496,^*497,    498;    bark,  141: 

lenticels,  142 
Betnloideae,  496 
Bicollateral  bundles,  104 
Bieornes,  568 
Biennials,  27 
Bifora,  547 

Bifurcation,  17-20,  *148 

Bignonia,  stem,  *138  ;  seed,  *291 

Bignoniaceae,  585  ;  thickening,  ''"138 

Bilateral  plants,  17 

Biota,  46 

Birch,  Betida 

Birtliwort,  A  ristoluehia 

Bisynimetrieal  plants,  16 

Bitter  principles,  74,  206 

Bitter-sweet,  Solannm  l)nlean\ara 

Blackberry,  Pudjns 

Black  Henbane,  Hyaseyainns 

Bladder-])lums,  E.iuiasens 

Bl  adder  wort ,  Utricnlar  ia 

Blasia,  390  ;  development.  ^"14 

B/eehninn,  429 

Bleeding,  185,  187 

Blitnm,  507 

Bloodworts,  Ilaernndoraceae 
DJ II inenhacliia,  climbing,  261 
Bolitns,  369-*37l  ;  tissue,  *87 
Bondtacaceae.  531 

Boraginaceae,  b77  ;  rust  fungi  on,  367 
Borago,  *578 


Boron  in  plants,  172 
Bostryx,  461,  *462 
Botryehinni,  404,  *405 
Botrydivm,  325,  *326 
Botryose  inflorescence,  460,  *461 
Botrytis,  358 
Bouncing  Bet,  SajX'naria 
Bui'ista,  374 
Box,  Buxvs 

Bracken,  Pteris  aquilina 
Bracteal  leaves,  29-33 
Bracts,  33,  462 
Brake,  see  Bracken 
Branch  stems,  17 
Brand  fungi,  Hennhasidii 

spores,  360 
Brasiliu,  125 
Brassica,  189,  305,  519 
Brazil  wood,  Caesaljnnia 
Bread-tree,  .1  rtocarpvs 
Bristles,  97 
Briza,  480 

Bromeliaceae,  470  :  aerial  roots,  43  ;  water 
reservoirs,  194 

Brondne  in  plants,  172 

Bromvs,  480 

Broom.  Orohanche 

Scotch,  Sijartivrn  scoparivm 

Brucin,  206 

Bryinae,  145,  392 

Bnionia,  *593,  594 

Bryophyta,  14,  381 

Bryopsis,  328  ;  tliallus.  227 

Buckl  )ean.  Men ya n  t/ie.s 

Buckthorn. .  Rhuin  n  ns 

Buckwheat,  Fa(foj)iirnin 

Bud,  *18.  21 
variations,  154 

Budding,  229,  278 

Bugle,  Ajnga 

Bulbils,  22,  278,  279 

Bvlhin-hoete,  324,  *325 

BvJbns,  23 
Scillae,  468 

Bundles,  primary  vascular,  101  ;  conduct- 
ing, 101  ;  collateral,  103  ;  concentric. 
104  ;  termination  of  vascular,  106, 
*107  ;  flanges,  1 14  ;  course  of  vascular. 
116  ;  common,  cauline,  and  foliar,  11J< 

BH2)leiiniin,  546.  549  :  leaf.  30 

Burdock,  Lappa 

Bn  I- III  an  n  iaceae,  490 

Burrs,  formation  of,  144 

Burse lacea.e,  535 

Bush-  Honeysuckle.  Weigel ia 

Bntoinns,  483 

Butter-bur,  Petasites  vulgaris 
Buttercup,  Panv ncvdvs 
Butterwort,  Pingi'icid(i 
Bi'.xaeeae,  539 
Btccns,  539 
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Cacao,  529 

-tree,  Theohroma  Cacao 
Cactaceae,  526  ;  swollen  stems,  25, 

growth,  235 
Cactus,  Cactaceae 
CaesaZpinaceae,  558 
Caesalpinia,  125,  559 
Cakile,  519 
Calabar  beans,  562 
Calamagrostis,  480 
Calamarieae,  415  ;  thickening,  120 
Calamites,  415 
Calamus,  473 

Calcium  in  plants,  172,  173 
carbonate,  81,  95 
malate,  83 

oxalate  crystals,  71,  72,  108 
Calendula,  598 
Calenduleae,  598 
Calla,  474 

Lily,  Richardia 
Callithaimiion,  334,  *336 
Callitrichaceae,  544 
Callose,  80 

Calluna,  *568  ;  pollen -grains,  *430 
Callus,  144,  228 

-plates,  84,  *85,  *86 
Caloritropism,  263 
Caltha,  511,  *512,  514 
Calycanthaceae,  515 
Calyceraceae,  595 
Calyciflorae,  448 
Cahjptra,  15,  41,  392 
Calyptrogen,  151 
Calystegia,  577 
Calyx,  446,  *448,  *451 
Cambium,  105,  120-125,  *122 
Camelina,  519 
Camellia,  525 
Campanula,  *592 
Campanulaceae,  592 
Campanulinae,  591 
Canipeachy  wood,  Haematoxylon 
Camphor,  73,  517 
Campion,  Lychnis 
Campylospermeae,  549 
Campylotropous  ovule,  *430,  431 
Canarium,  535 
Candytuft,  Iheris 
Cane-sugar,  74 

Canna,  *486  ;  seed,  294  ;  starch,  69 
Cannahinaceae,  502 
Cannabis,  *501-503 
Cannaceae,  486 
Cantharellus,  372 
Caoutchouc,  73,  206,  502,  543 
Capillarity,  187 
Capillitium,  248,  303,  304  ;  of  the  Myxo- 

mycetes, .  248,  293  ;  of  the  Gastero- 

mycetes,  374 
Capitulum,  339,  *461 


Capparidaxeae,  520 
Capparis,  *520 
;     Caprifoliaceae,  589 

Capsella,  519  ;  bud  *432  ;  embryo,  *456 

Capsicum,  581,  5"82 

Capsule,  392,  *459 

Caraway,  Carum 

Carbohydrate,  199,  201,  220  . 

Carbon,  171-173  ;  absorbed,  195 

Cardamine,  519 

Cardamom,  486 

Cardinal  points,  163,  234 

Carduus,  598 

Carex,  *477,  478 

Carica,  peptonising  ferments,  83,  206,  525 

Caricaceae,  525 

Caricoideae,  478 

Carinal  canals,  *412 

Carnivorous  plants,  *215,  ''216 

Carob  tree,  Ceratonia 

Carophyllaceae,  attacked  by  Ustilago,  361 

Carotin,  57,  *58,  59 

Carpels,  427 

Carpinus,  496,  *497  ;  cutting,  *45,  46, 

■^^182  ;  abnormal  growths,  352 
Carpoasci,  351 
Carpogon,  336 
Carpophore,  547 
Carpospores,  337 
Carragheen,  337 
Carrion  flowers,  284 
Carrot,  Daucus 
Carum,  *546,  549,  550 
Caruncle,  *540 
Caryophyllaceae,  *507 
Caryophylli,  565 
Caryopsis,  460 
Caryota,  *47l 
Cassava,  Manihot 
Cassia,  *557,  559 
Cassytha,  517 
Castanea,  257,  496 
Castor-oil,  543 

plant,  Ricinus 
Casuarinaceae,  492,  499 
Catechu,  558,  589 
Catkin,  461 
Cat-mint,  Nepeta 
Caiicalis,  549 
Caudicle,  488 

Caiderpa,  2,27,  *328  ;  phylogeny  of,  145  : 

organs,  225  ;  movement,  241 
Caules  Dulcamarae,  582 
Cecidia,  155 
Cecidomyia,  155 
Cecropia,  213 

Cedar  of  Lebanon,  Cedrus  Lihani 
Cedrus,  442 

Celandine,  Chelidonium 
Celastraceae,  537 
I  Celery,  Apium  graveolens 

B 
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Cell,  47-50  ;  nucleus,  55  ;  multinuclear, 
59  ;  division,  63  ;  formation,  65,  *66,  j 
*67  ;  budding,  66  ;  sap,  73  ;  wall,  j 
75-83  ;   fusion,  83-86  ;   companion,  , 
102,  133  ;  transition;  107  ;  medullary  I 
rays,    135  ;    complementary,    142  ; 
filaments,  surfaces,  and  masses,  147  ; 
apical,  148  ;  nmltiplication,  278 

Cell-plasm,  see  Cytoplasm 

Cellular  plants,  147 

Cellulose,  79,  203 

Celtis,  500 

Centaurea,  596-598  ;  flower,  *274 
Centaury,  Erythraea 
Central  body,  306 

cylinder,  *109,  110 
Centmnilius,  591 
Centrolepidaceae,  470 
Centrosome,  56 
Centrosjjermae,  506 
Centrospheres,  *48,  *56,  *61,  *67 
Cephaelis,  589 
Cephalanthera,  489 
Cephalotv.s,  216 
Cerastium,  508 
Ceratioinyxa,  303 
Ceratonia,  81 
Ccratophyllaceae,  515 
Ceratophyllum,  515  ;  rootless,  44 
Cercis,  559 

Cerojjegia,  latex  tubes,  *82,  83 
Ceroxylon,  wax,  91 
Cetraria,  378,  *379-381 
Chderojyhyllum,  549 
Chaetocladmm,  349 
Chalara,  350 
Chalam,  *430,  431 
Chalazogamy,  492 
Chamaerops,  472 
Chamomile,  Anthemis,  599 

Wild,  Matricaria 
Chara,  *338,  *339,  340  ;  spermatozoid, 
*67 

crinita,  parthenogenesis,  68,  280 
Characeae,  319,  337  ;  circulation  of  proto- 
plasm,  53,   245  ;   nuclear  division, 
62 

Cheiranthns,  519  ;  hairs,  *97 
Chelidonium,  521  ;  sap,  84 
Chemotactic  movements,  243,  281 
Chemotropism,  263,  281 
Chenopodiaceae,  507  ;  thickening,  137 
Cheno2Jodim)i,  *507 
Cherry,  Avild,  Prunus  avinm 

dwarf  (Morello),  Prunus  cerasiis 

gum,  89 

Laurel,  Prunus  laurocerasns 
Chervil,  (Jlmcrophyllum 

Garden,  Anthriscus  cerepoUura 
Chestnut,  Castanea 
Cliickweed,  Cerastium 


Chicorj',  Cichoria  Intyhus 
Chitin,  80 

Chives,  Allium  schoenoprasum 
Chlaujydospores,  343  ;  of  the  Protomyces, 

349  ;  of  the  Brand  Fungi,  360  ;  of  the 

Uredineae,  363 
Chlora,  573 

Chlorella,  symbiosis,  320 
Chlorideae,  480 
Chlorine  in  plants,  172,  175 
Chloroiodide  of  zinc,  79 
Chlorophyceae,  315,  317,  319,  375 
Chlorophvll,  *57,  198 

grains,  57,  *58,  115,  196,  197,  *246 
Chlirrophytum,  252 
Chloroplasts,  56,  57,  68,  246 
Chlorotic,  174 
Choanephora,  349 
Chocolate,  see  Cacao 
Choiromyces,  355 

Chondrioderma,  50,  *51,  303,  305 

Chondrus,  *334,  337 

Choreocolax,  337 

Choripetalae,  446,  491 

Chorisepalous,  446 

Christmas  Rose,  Hellehorus  niger 

Chromatin,  54,  56 

Chromatophores,  *48,  57,  *58,  *59  ;  in 

cells,  *67  ;  in  epidermis,  92 
Chromium  in  plants,  172 
Chromoplasts,  56,  *59 
Chromosomes,  60,  *61 
Chroococcaceae,  306,  376 
Chroococcns,  306,  376 
Chroolepideae,  322 
Chroolepus,  322 
ChrysantJiemum,  597,  598 
Chrysarobinum,  562 
Chrysobala noideae,  odd 
Chytridieae,  346 
Cichorium,  349,  598 
Cicuta,  *547,  549,  550 
Cilia,  52,  *67,  242,  303 
Cdiata,  213 
Cinchona,  *589 
Cincinnus,  461,  *462 

Cinnaniomum,  *516,  517  ;  ethereal  oil,  73 
Cinnamon,  517 

Circaea,  563 

Circulation  of  the  protoplasm,  52,  244 

Circumnutations,  249 

Cirsium,  598 

Cissus,  538 

Cistaceae,  522 

CistiJIorac,  522 

Citric  acid,  205 

Citron,  Citrus  medica 

Citrullus,  594 

Citrus,  534,  *535  ;  receptacles,  88 
Cladodes,  24,  *25,  29 
Cladonia,  *379,  *380,  381 
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Cladophora,  *324  ;  formation,  *12  ;  niulti- 
miclear,  *59,  60  ;  cells,  *64  ;  swarm- 
spores,  *324 

Cladostephus,  329,  *331  ;  formation,  *12, 
13,  148 

Cladothrix.  *310 

Clavaria,  *370 

CLavarieae,  370 

Claviceps,  *357,  358  ;  tissue,  ""87 

Cleavers,  Galium 

Cleft  leaves,  30 

Cleistocarpae,  394 

Clematis,  511,  514  ;  pith  cells,  *75 

Climbing  roots,  42 

Closing  membrane,  76 

Closteriitm,  *317 

Clover,  Tri folium 

Cloves,  565 

Club  Mosses,  Lycopodinae 

Clusiaceae,  524 

Cmctis.  598,  599 

Cohaea,  266,  577  ;  seed,  293 

Cobalt  in  plants,  172 

Cocaine,  206,  533 

Cocci,  309 

Cucconema,  *314 

Cochlearia,  519,  520 

Cocklebur,  Xanthium 

Cocoa,  Cocos 

-butter,  529 

-nut,  Cocos  nucifera 
Cocos,  *471,  *472,  473 
Cocus  lapidea,  germinal  spores,  294 
Codein,  206 
Codium,  328 

Coelehogyne,  457  ;  adventitious  shoots,  279 
Coelospermeae,  549 
Coenobia,  322 

Coffea,  *588,  589  ;  attacked  by  Hemileia, 
367 

CoflFeinum,  206,  589 
Coffeoideae.  589 

Colchicum,'  466,  *467,  468  ;  tuber,  23 
Coleosporium,  367 
Collema,  376 

Collenchyma,  *78,  108,  111,  327  :  develop- 
ment of,  *170,  237,  266 
Colleters,  100 
Colocasia,  193 
Colophonium,  443 

Colouring  matter,  48,  74,  92,  187,  206 
Coltsfoot,  Tussilago 
Columbine,  Aquilegia 
Columella,  Myxomycetes 

Bryophytes,  384,  392,  393 
Coliimniferac,  527 
Colza,  Brassica  Rapa  {oleifera) 
Comarum,  *553 
Comfrey,  Symphytum 
Commelinaceae,  470 
Commiphora,  535 


Companion  cells,  102,  133 
Compass  plants,  254 

Compositae,  ■^''595,  596  ;  inulin,  74  ; 
succulent  stems,  194  ;  staminal  leaves, 
*274  ;  attacked  by  Coleosjjorium,  367 

Compound  leaf,  30 

Conceptacles,  332 

Cone,  vegetative,  "18 

Confervo  ideas,  322 

Confocal  ])arabolas,  150 

Congo  red,  80 

Conidia,  342,  350  ;  fructification,  "='356 

Conidiophores,  342,  ^'353,  *356 

Coniferae,  438,  "='439,  ''440,  *441,  "='442  ; 
foliage,  29  ;  roots,  41  ;  young  plants, 
47  ;  sieve-plates,  84  ;  resin-ducts,  88, 
125,  "='126  ;  bast,  132  ;  cypress-like, 
194  ;  mycbrrhiza,  210  ;  germination, 
294 

Coniferin,  74,  205  ;  wood,  80 
Coniin,  206 

Coni2im,  *546,  *548-550 
Conjugatae,  281,  315,  317,  319 
Conjugation,  315,  316 
Connate  leaves,  30 
Connective,  "='447 
Consortium,  of  lichens,  375 
Constituents  of  plant  body,  171 
Contact  stimuli,  264 

Continuity  of  embryonic  substance,  237, 
240 

Contortae,  572 
Contorted  leaves,  37 
Contractile  vacuole,  50 
Convallaria,  466,  468 
Convolvtdaceae,  577 
Convolvulus,  "^'577  ;  coils,  261 
Co-ojieration  of  living  cells,  188 
Copaifera,  559 
Copper  in  plants,  172 
Gojjrinus,  369 
Cora,  377,  380,  *381 
Corallin,  80 
Corallina,  337 
Corallinaceae,  335 

Coralliorrhiza,  489  ;  rhizome,  23  ;  rootless, 

43  ;  saprophytic,  210 
Cordia,  214 
Cordiaceae,  578 
Gordyceps,  358 
Cordyline,  "='139 
Goriandrum,  "='546,  549,  550 
Cork,  *48,  *139,  140,  144 

oak,  Quercus  suher 
Cormophytes,  14,  44,  59 
Cormus,  14 

Corn,  "='69-''71,  201  ;  laid,  262  ;  shower 

of,  278 
Cornaceae,  544,  545 
Corn-cockle,  Agrostemma 
Cornel,  Cornus 
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Cirrnus,  238,  *-o44.  .-^45 

Corolla,  446,  *448,  *451 

Correlation  of  growth,  226 

Cortex,  109  ;  Cascarillae,  543  ;  Cinchonae, 
589  ;  Cinuanioiui,  517  ;  Conduraiigo, 
576  ;  Frangulae,  539  ;  Fructus  Aur- 
autii,  535  ;  Granati,  564  ;  Limonis, 
535  ;  Qiiercu.s,  498  ;  Quillajae,  556  ; 
Quebracho,  575  ;  Rhamui  Purshianae, 
539  ;  Salicis,  495 

Cortical  rays,  135  ;  layers  of  hyph?e,  377 ; 
pores,  see  Lenticels 

Corydalis,  *520 

Corylus,  496,  *497 

Corymb,  461 

Co.smarium,  '''317 

Cotton,  531 

-plant,  GossyjjiHiii 

Cotyledons,  *45,  46,  295,  "'"456,  "457 

Cowslip,  Primula 

Cow- wheat,  Melampyru m 

Crambe,  519 

Cranesbill,  Geraniv.m 

Crctssula,  551 

Cnissulaceae,  550 

Crataegus,  554,  555  ;  thorns.  26  ;  colour- 
ing matter,  58  ;  leaves,  190,  "191 
Crenate  leaves,  30 
Crenothrix,  311 
Crepis,  598 

Cress,  Bitter,  Cardamine ;  Garden,  Lepid- 

iinn  sativum ;   Indian,  Nasturtium  ; 

Penny,    Thlaspi ;     Rock,    Arabis  ; 

Water,  Nasturtium  officinale  ;  Winter, 

Barbarea 
Cribraria,  *304 
Crocus,  469,  470  ;  tuber,  23 
Cronartiim,  367 
Croton,  543 

Crowberry,  Black,  Empetrum  nigrum 
Crowfoot,  Ranunculus 
Crown  Imperial,  Cucumis  sativKs 
Crucibidum,  *374 

Cruciferae,  *518  ;  mucilage,  81,  293 
Cryptogams,  300,  301  ;  vascular,  397 
Cryptospores,  *356 
Cubeba,  504 
Cucumber,  Cucumis 
Cucumis,  594 

Cucurbita,  *592,  594  ;  sieve-tubes,  *85  ; 
light,  235  ;  rupture  of  seed -coverings, 
295  ;  i)ollen-grains,  *79,  *430 

Cucurbitaceae,  593  ;  bundles,  104  :  ten- 
drils, *266 

Cudweed,  Una phal ium 

Cuphea,  seed,  293 

Cupressoideue,  132,  440 

Cujjressus,  438,  440 

Cupuliferae,  495  ;  Mycorrhiza,  210 

Curare,  574 

Curcuma  Zedoaria,  486 


Currant,  Ribes 
\  Curvature,  242,  246  ;  gro^^•th-,  248  ;  of 
!         grass-haulms,  262 
'  Cuscuta,  *208,  577  ;  reduction  in  leaves. 
25  ;  roots,  41,  43  ;  haustoria,  225  : 
movement,  241  ;  tendrils,  267 

Cuticle,  90,  92 
i  Cutiu,  80 

Cutinisation,  80 

Cutleria,  331 

Cutleriaceae,  331 

Cyanophyceae,  306,  308 

Cyatliea,  400 

Cyatheaceae,  400,  404 

Cyathium,  *540,  542 

Cycadaceae,  437  ;  thickening,  137 

Cycadinae,  213,  437 

Cyais,  308,  437 

Cyclamen,  *570,  571  ;  stem,  28 
Cyclanthaxeae,  475 
Cycle,  40 

Cyclic  flowers,  451 

Cydonia,  81,  554,  555 

Cymose  inflorescences,  461,  """462 

Cynara  Scolymus,  598 

Cynareae,  598 

Cynips  galls,  155,  499 

Cynodon,  480 

Cyperaceae,  476  ;  haulm  28  :  sheath,  32 

Cyperus,  477,  478 

Cypress,  Cujnrssus 

Cypripedium,  487,  488 

Cystids,  368 

Cystocarp,  337 

Cystococcus,  377 

Cystoliths,  *78  ;  callose,  80  ;  calcium  car- 
bonate, 81 
Cystopus,  345 
Cytisus,  *561,  562 
Cj-toplasm,  *48,  *49,  55,  87 

Dactylis,  480 

Dahlia    variabilis,    598  :     tubers.    42  : 

inulin,  74 
Dandelion,  Taraxacum 
Daphne,  *539 
Darlington  ia,  216 
Date-palm,  Phoenix 
Datura,  193,  *5S1,  582 
Daucus,  547,  549  ;  colouring  matter.  *58. 

59  ;  cane-sugar,  74 
Dead-nettle,  Lamium 
Decurrent  leaves,  30 
Dehiscence,  459 
Delesseria,  335 

Delphi)iium,  511,  514  :  cotyledons,  295  : 

fructification,  450 
Deviant  ium,  380 
Dentate  leaves,  30 
Derivative  hybrids,  289 
Dermatogen,  150 
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Desmidiaceae,  317  ;  movements,  244 
Desmodium,  561  ;  movements,  270 
Desiccation,  179 
Deutzia,  552 

Development,  periodicity  of,  237 
Dextrin  from  starch,  70 
Dextrorse  stem-climber,  *261 
Diageotropism,  258 
Dialypetalous,  Dialysepalous,  446 
JHandrae,  488 
JJianthus,  508 

Diastase,  203  ;  in  the  protoplasm,  54  ;  in 
fungi,  212 

Diatomeae,  312  ;  form,  "''11  ;  silicon,  175_; 

movements,  244 
Diatomin,  313 
Diatropic  movements,  251 
Dicentra,  521 
Bichasium,  -'^461,  ''462 
Dichogamy,  285 
Dichotomy,  17,  148 
Diclinous  flowers,  see  Unisexual 
Dicotyledones,  490  ;  nervature,  31 ;  bundles, 

104,  105,  111,  112,  117 
Dictamnus,  88,  100,  *101 
Dictyonema,  380 

Dictyotcu  329,  334  ;  form,  *13,  14  ;  cells, 

^^48 
Dictyotaceae,  334 
Differentiation,  159 
Digenetic.  see  Sexual  reproduction 
Digitalin,'  205 
Digitalis,  *583,  "584 
Dill,  Anethum 

Dimorphic  heterostyly,  "='286,  287 

Dinoflagellatae.,  315 

Dioecious  plants,  285,  428 

Dionaea,  "*215,  216 

Bioscoreaceae,  470 

Biospyrinae,  569 

Blospyros,  124 

Blplecoloheae,  519 

Diplocaulescent  plants,  27 

Diplostemonous,  452 

Bipsacaceae,  594 

Bipsacus,  595 

Biptera,  155 

Bipterocarpaceae,  525 

Direct  division,  *63 

Disc  of  flower,  "''451 

Bischidia  Rafflesiana,  195 

Biscolichenes,  378 

Biscomycetes,  351,  358,  378 

Dissemination  of  seeds,  291 

Dissepiments,  448 

Divergence,  39 

Divided  leaves,  30 

Dock,  Rumex 

Dogwood,  Cornus 

Bolichos,  562 

Borema,  546,  550 


Dorsiventral  plants,  16,  114  ;  shoots,  40  ; 

organs,  251,  264  ;  geotropism,  258 
Draba,  519 

Bracaena,  466  ;  raphides,  *72  ;  thicken- 
ing, 139 
Brimys,  128 
Dropwort,  Oenanthe 

Brosera,  523  ;  digestive  glands,  *99,  *215 

Broseraceae,  523 

Drupe,  460 

Duckweed,  Lemnaceae 

Duramen,  124 

Duration  of  life,  237,  238 

Dyer's  weed,  Reseda  luteola 

Earth-star,  Geaster 
Echeveria,  551 
Echium,  *578 
Ectocarpus,  329,  ''331 
Eel-grass,  Znstera 

Egg,  66,  "67,  155  ;  apparatus,  454,  *456  ; 

cells,  290,  431,  454,  "M56 
Elaeagnaceae,  540 
Elaeagnus,  540 
Elaeis  guineensis,  473 
Elaphoviyces,  355 
Elasticity  of  plants,  165 
Elaters,  248,  388 
Elatinaceae,  525 
Elatine,  525 
Elder,  Samhucus 
Elecampane,  lymla 
Electrotropism,  263 
Elemi,  535 
Elettaria,  *432,  486 
Elm,  Ulimis 

Elodea,  245,  283,  483  ;  assimilation,  200 

Elongation,  phase  of,  229 

Embryo,  44,  436  ;  bearer,  see  Suspensor  ; 

sac,  *65,  281,  290,  431,  *456 
Embryology,  44 

Embryonic  condition,  19,  44,  '224 
substance,  continuity  of,  237,  240 

Embryophyta  ?:oidiogavia,  398  ;  siphono- 
gama,  431 

Emergences,  36,  95,  99,  100 

Enipetraceae,  539 

Empirical  diagram,  39 

EmpxLsa,  347 

Emulsin,  203 

Enantiohlastae,  470 

Enchanter's  Nightshade,  Circaea 

Endive,  Cichorium  Endivia 

Endocarp,  459 

Endocarpon,  380 

Endochrome  plates,  313 

Endodermis,  109,  "''113 

Endogenous  shoots,  20 

Endophyllvmi,  Basidia  of,  ''363 

Endosperm,  ''432,  457  ;  Gymnospermous, 
437 
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Endospores  of  the  bacteria,  309  ;  of  tlie 

fungi,  342 
Enhahis,  283 
Entoiuophily,  283 
EiitoiiKijihtliorecf,  34 G 
Enzymes,  203 
Ephehe,  376 

Ephedra,  444  ;  cells,  65,  *66  ;  vessels,  125 
E})}' Cine  I'll  111,  *395 
Ei-idennis,  90,  *92,  *93,  *94,  *115 
Epiirean,  458 

Epigynous  flowers,  450,  *451 

Epihihiinn,  563 

Epiinedium,  516 

Ei-inasty,  249,  264 

Eplpaciis,  489  ;  cell  division,  *63 

Epiphylhnn,  *526 

Epij)liytes,  214  ;  aerial  roots,  43 

Ep!}>t»j(in,  489 

Epithemki,  *314 

Equi.setinae,  400,  412  ;  cuticle,  90 
Equisetum,  *412,  413,  *414,  *415  ;  silica, 

82,  175  ;  bundles,  105,  111,  *117  ; 

cells,  *149,  *150  ;  spores,  225 
Ergot,  f  ungus  of,  CUtvicej)s  pviyurea 
Erica,  568 

Ericaceae,  *568  ;  attacked  by  Exohasidia, 

369  ;  Mycorrhiza,  210 
Ericinae,  567 
Ericoideae,  568 
Erif/eron,  598 
Eriocavlciceae,  470 
Eriophorviii,  477 

Erodium,  532  ;  gruinum,  fruit,  ^''"247 

En/si mv III,  519 

Esriischoltzia,  *521 

Ethereal  oil,  73,  88.  206 

J^ucalyptus,     565  ;     heterophylly,     31  ; 

stability,  165 
Eucheiima,  337 
Evdorina,  319 
Eiif/enia,  *564,  565 
Ei'iii/icdcs,  340 
Ei'jiiiforieac,  598 
Enpatoriinn,  598 

Euphorbia,  *540,  *541-543  ;  succulent 
stems,  *195  ;  swollen  stems,  25 

Evphorhiaceae,  540  ;  resin,  73  ;  latex  tubes, 
83  ;  succulent  stems,  25,  194,  *195 

Euphorbinm,  543 

Euphrasia,  210.  583 

Eurobium,  *353 

Ei'sporajigiatae,  404 

Evening  Primrose,  Oenothera 

Everlasting  Cat's-foot,  Antenna ria 

Eroni/nii's,  537,  *538  ;  vegetative  cone.  28 

Exine,  in  mosses,  383;  in  Pteritlophytes, 
399  ;  in  pollen  gi-ains.  430 

E.roa.sci's,  351,  *352 

Exo/jusidia,  *369 

Exocarp,  159 


Exoderniis,  113 
Exogenous  shoots,  20 
Exospores,  342 
Exotropism.  258 

Extra  floral  attractive  ajjparatus,  283 
Extrorse  anthers,  447 
Exudation  of  water,  193 
Eyebright,  Eujjhrasia 

Fagoideae,  496 
Fa.ijopiyrnin,  506 

Fofjvs,  *494,  496;   leaves,   *115,  116: 

wood,  124 
False-Hax,  Canielina  satira 
Fascicular  cambium,  121 
Fats,  72,  220 
Fennel,  Foenicvln m 

Ferments,  203,  206,  215  :  in  the  proto- 
plasm, 54 

Ferns,  Filices  ;  leaves,  29,  143  ;  shoots,  40  : 
vessels,  85  ;  epidermal  cells,  91  : 
scale-hairs,  *98 ;  vascular  bundles, 
105  ;  green  pigments,  198  ;  phos- 
phorescence, 223  ;  spermatozoids,  243  : 
apogamy,  279  :  alternation  of  genera- 
tion, 290 

Fertilisation,  44,  281  ;  self  an<l  cross, 
284  ;  legitimate  and  illegitimate,  286  ; 
of  Phanerogams,  66,  *67,  431  ;  of 
Gymuosperms,  435  ;  of  Angiosperms, 
454,  455 

Fertda,  550 

Festuca,  194,  *479 

Festnceae,  480 

Fibres,  82.  126,  127 

Fibrous  cells,  126.  127,  133.  248  :  trach- 
eids,  127 

Fibro-vascular  bundles,  see  Bundles 

Ficns,  *501  ;  root-supports,  41  ;  cysto- 
lith,  *77,  *7S,  81  :  epidermis,  100  : 
tissues,  128  ;  stipidata,  25i  :  elastica, 
32  ;  indiciis,  43 ;  carica,  83,  206  : 
benipdensis,  501 

Field  Madder,  ^herardia 

Fig,  Ficiis 

Figwort,  Scroph  id  a  ria 

Filament,  *447 

Filices,  400 

Fdicinae,  399,  400 

Fir,  Norway,  Ficea  cccelsis 

Scotch,  Finns  si/ rest r is 

Silver,  Abies 

Spruce,  Picea 
Fission-fungi.  Sch  izunii/cctcs 

-plants,  Schizophifta 
;  FlaueUa,  242 
Flagellar  movements,  see  Cilia 
Flax,  Li  man 
Fleal)ane,  Eri;/eroH 
Floral  leaves,  "29,  33 

shoots.  26 
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Flores,  Anthemidis,  599  ;  Arnicae,  599  ; 
Cinae,  599  ;  Koso,  556  ;  Lavandulae, 
587  ;  Malvae,  531  ;  Rosae,  556  ; 
Sambuci,  590  ;  Tiliae,  528  ;  Verbasci, 
583 

Florideae,  334 

Flower,  *33,  428  ;  arrangement  of,  37, 
451  ;  of  the  Gymnosperms,  *434, 
*435,  *436,  *439,  *440  ;  of  the 
Angiosperms,  445  ;  morj)hology  of, 
445  ;  symmetry,  453 

Flowering  plants,  Phanerogamia 

Fluorescence  of  the  chlorophylls,  57,  223 

Fhiorine  in  plants,  172 

Fly  Mushroom,  Amanita 

Foeniciium,  *546,  549,  550  ;  ovary,  *450 

Folds  of  epidermis,  92,  *170 

Folia  Althaeae,  531  ;  Aurantii,  535  ; 
Belladonnae,  582  ;  Coca,  533  ;  Digi- 
talis, 583 ;  Farfarae,  599  ;  Jaborandi, 
535  ;  Juglandis,  499  ;  Laurocerasi, 
556  ;  Malvae,  531  ;  Melissae,  587  ; 
Menthae  crispae,  587  ;  Menthae  pip- 
eritae,  587  ;  Rosmarini,  587  ;  Salviae, 
587  ;  Sennae  Alexandrinae,  559  ; 
Sennae  Tinnevelly,  534  ;  Stranionii, 
582  ;  Tabaci,  582  ;  Taraxaci,  599  ; 
Theae,  525  ;  Trifolii  fibrini,  575  ; 
Uvae  Ursi,  569 

Foliage  leaves,  29,  34  ;  shoots,  26 

Follicle,  459 

Fontinalis,  394 

Food,  plant,  constituents  of,  172 

Foot  of  Pteridophytes,  398 

Forget-me-not,  Myosotis 

Formic  acid  in  insectivorous  plants,  215 

Formulae,  floral,  454 

Forsythia,  573 

Foxglove,  Digitalis 

Fox-Grape,  Vitis  Labrusca 

Fragaria,  554  ;  runners,  24,  278 

Fragmentation,  62 

Frangulinae,  537 

Frankincense,  535 

Fraximis,  '^'"572-574  ;  lenticels,  142 

Free  cell- formation,  65 

leaves,  37  ;  movement,  260 

Fritillaria,  468  ;  leaves,  38  ;  nucleus,  "'"56 

Frog's-bit,  Hydrocharis 

Frost,  effect  on  foliage,  238,  240 

Fructus  Anisi,  550  ;  Aurantii  immaturi, 
535  ;  Capsici,  582  ;  Cardamomi,  486  ; 
Carvi,  550  ;  Coriandri,  550  ;  Foeni- 
culi,  550  ;  Juniperi,  442  ;  Lauri,  517  ; 
Papaveris  immaturi,  522  ;  Rhanini 
Catharticae,  539  ;  Vanillae,  490 

Fruit,  459,  460  ;  epidermis,  101  ;  torsions, 
248,  262  ;  Geraniaceae,  293  ;  defini- 
tion of,  433  ;  Gymnosperms,  437  ; 
formation  of,  460 

Frullania,  389  ;  wattr-sacs,  195 


Frustules,  312 
Fucaceae,  281,  330,  334 
Fuchsia,  *563 

Fucus,  *330,  *-331,  *332,  337 
Fidigo,  304 
Fumaria,  520 
Fuinariaceae,  520 

Funaria,   *383,    394;    leaf- cells,    *56  ; 

chlorophyll  gxains,  *68 
Fundamental  tissue  system,  107 
Fungi,  341  sqq.  ,-  tissues,  86  ;  pliylogeny, 

145  ;  food,  172  ;   exudation,  193  ; 

phosphorescence,    223  ;   algal,  343 ; 

mould,  347 
Fungus,  of  Ergot,  Claviceps  purp^irea 
animals,  Myxomycetes 
chirurgorum,  370,  373 
Funiculus,  *430 

F^mkia,  adventitious  shoot,  *"279  ;  egg- 
apparatus,  ■'^456 
Fusion,  cell-,  83 

Galanthus,  469 
Galhanum,  550 
Galegoideae,  561 
Galeopsis,  *587 

Galium,  589  ;  stipules,  32  ;  heliotropic, 

*252 
Gallae,  499 
Galls,  155,  226 
Galtunia,  *190 
Gametangia,  318,  319,  331 
Gametes,  66,  281 
Gametophyte,  397 
Gamopetalous,  Gamosepalous,  446 
Gamostele,  111,  *112 
Garcinia,  524,  525 
Garden  Cress,  see  Cress 

Orpine,  Sedum  Telephium 
Gardenia,  589 
Garlic,  Allium  sativum 
Gases,  movement  of,  in  plants,  221 
G aster omycetes,  145,  363,  373 
Geaster,  374 
Gemmae,  22 

Generations,  alternation  of,  44  ;   of  the 
Gymnospermae,  289  ;    of  the  Bryo- 
phytes,  383  ;  Pteridophytes,  397 
Genetic  spiral,  40 
Genista,  194,  561 
Gentiana,  *573,  575 
Gentianaceae,  574 
Geotropism,  255  et  supra,  "257 
Geraniaceae,  532 
Geranium,  532 
Germ,  see  Embryo 

-pores,  430 
Germander,  Teucrium 
German  wheat,  Triticum  Spelta, 
Germination,  44,  293,  433,  458 
Gesneriacecie,  584 
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OUjastina,  *335,  337 
Ginger,  486 

Wild,  Asarv.m 
Giiujko,  443 
Gladiolus,  469 
Glands,  99 
Glandular  hairs,  *97 

scale,  *97 

colleter,  *98,  100 
Gleba,  373 
(ilechoma,  587 

Gleditschia,  559  ;  buds,  19  ;  thorns, 
*26 

Globoids,  70,  *71 
Ghihulariaccae,  585 
Gloeocapsa,  10,  *11,  44,  147 
Gloeotrichia,  *307,  308 
Glomerulus,  336 
Glo.cin  ia,  584 
Glucose,  74,  203 
Glumes,  478 
(rhi iiiifliirde,  475 

Glutaniin,  203  ;  in  the  protoplasm,  54 

Glycogen,  73 

Glycyrrhiza,  562 

Gnaphalivm,  598 

Gnetaceae,  434,  443  ;  vessels,  85 

Gnetinae,  443 

Gneiuiii,  443,  444  ;  thickening,  137 

Golden-rod,  Sol idat/o 

G'oiit/iim,  489 

Gonidia,  Licliens,  377 

Gonimoblast,  337 

Gonolohus  condurango,  576 

Gooseberry,  liibes  Grossnlaria 

Goosefoot,  Chciiopodlvm 

(>'ossi/j/ii/i)},  530,  *531  ;  seed-hairs,  *96 

(''rarilaria,  337 

Grafting,  *228,  229 

Gro.iiiiimte,  478  ;  growth,  21  ;  haidms,  28, 
31,  262  ;  sheath,  *31,  32  ;  silica,  82, 
175  ;  epidermis,  90,  91  ;  root,  152  : 
growth,    231  ;     germination,    293  ; 
attacked  by  fungi,  360,  366,  367 
(4rass,  Arrow-,  Triijlochin 
Knot-,  PohjijoUo in 
Scurvy-,  Corhlearia  offi,cin(dis 
Viper's,  Scorzonera  hispanica 
Whitlow-,  Draba 
-Wrack,  Zostera 
Grasses,  ftee  Gramineae 
Gmtiola,  583 

Gravity,  effect  of,  on  plants,  161,  25.") 
Green  Algae  {see  Chlorophyceae) 
( J rom  wel  1,  L ith osperm  u vi 
Ground-ivy,  (llcclioiim 
(iroundsel.  Setter io 
(irowing  ])oint,  148 

Growth,  223  sf/(/. ;  jjeriods  of,  27.  230  ; 
of  cell-wall,  75,  78,  79  ;  l)y  intussus- 
cc))tioii.  79.  231  ;  indci.cndcnt,  159  ; 


external  influences  on,  235  ;  curva- 
tures, 248 

Grv.inales,  531 

Guard-cells,  93 

Guava,  Psidiinn 

Guelder-rose,  Viburnvm 

Gum,  81  ;  in  intercellulars,  88  ;  arabic, 
88,  558  :  resins,  125,  206  ;  traga- 
canth,  562 

Gummosis,  81 
j   Gunnera,  111,  308 

Gutta-percha,  73,  206,  569 

Gutti,  525 

Gi/mnadenio,  4S9 

Gijin  noeludus,  accessory  shoots,  19 

Gymnodiniirm,  315 

Gymnogramme,  91 

Gymnospennae,  434  ;  bundles,  103,  105, 
114,  117  ;  alternation  of  geueratious, 
289 

Gyinnosporanyium,  367 
Gilmnostomnm,  239 
Gynandrae,  487 
Gynoecium,  *428,  *448,  *451 
Gynophore,  525,  547 
Gynostemium,  487 

Habit  of  plants,  27,  237 

Hadronie,  see  Tracheal  portion 

Hiematoxylin,  125 

Haeniatoj-ylon,  124,  559 

Haemodoraceae.  470 

Hayenia,  *552,  554,  556 

Hair-bell,  Campanula 

Hairs,  see  Trichomes 

Halinmla,  328 

Ilalorayidaceae,  563 
:  Ilaniamelidaceae,  552 
'  Hajjlocaulescent,  see  Uniaxial 

Haplostemonous  tiowers,  453 

Hart's-Tongue  Fern,  Scolopendriuui 

Haustoriii,  43,  *208 

Hawkbit,  Ler>ii(odon 

Hawk's-beard,  Crcpis 

Hawkweed,  Uieracium 

Haz(d-nut,  Corylus 

Heart's-ease,  Viola 

Heart  wood,  124 

Heat  inoduced  by  respiration,  220 
Heatli,  IJriea 

Hedera  Helix,  *545  ;  woo.l,  129 
Hedge  -  H  y  ssop,  Gra  t  iola 

-  Mustard,  Sisymbrium 

-Nettle.  Staehys 
Jhdysaroideoe,  561 

J/edi/saruiii,  561  ;    movement  of  leaves, 
236 

Heliautheae,  598 

Ilelianthemum,  *523 

llelianthus,  168.  598  ;  tufterusus,  24 

I/rlicbrysum,  596,  598 
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Helicoid  Cyme,  see  Bostryx 
Heliotactic  movements,  243 
Heliotropism,  251,  252 

Heliotropiuvi,  578 

Hellebore,  Black  (Christmas  Kose),  Helle- 
borus  niger 

Green,  Helleborus  mridis 
Hellehorus,  511,  *512,  514  ;  stoma,  190 
Helohiae,  482 
Helvella,  360 
Helvellaceae,  359 
Hemerocallis  fulva,  *429 
Hemiasci,  342,  349 
Hemihasidii,  342,  360 
Hemileia,  367 
Hemlock,  Conimn 

Poison-,  Conium  mamlatum 

Water-,  Cicuta  virosa 
Hemp,  Cannabis 

-nettle,  Galeopsis 
Hepaticae,  308,  381,  384,  385  ;  form,  14  ; 

phylogeny,  145 
Heracleum,  547,  549 

Herba  Absinthii,  599 ;  Cannabis,  503  : 
Cardiii  Benedicti,  599  ;  Centaurii, 
575  ;  Coclileariae,  520  ;  Conii,  550  ; 
Galeopsidis,  587  ;  Hyoscyami,  582  ; 
linguae  cervinae,  402  ;  Lolaeliae,  593  ; 
Meliloti,  562  ;  Millefolii,  599  ;  Ori- 
gani,  587  ;  Kosmarini,  568  ;  Saljinae, 
442 ;  Serphylli,  587  ;  Spilanthis, 
599  ;  Tliymi,  587  ;  Violae  tricoloris, 
524 

Herb  Paris,  Paris  quadrifolia 
Hercogamy,  287 
Hermaphrodite,  284,  428 
Herniaria,  508 
Hesperidin,  74 
Heterobasidion,  371 
Heterocysts,  307 
Heteroecious  Uredineo.e,  366 
Heteroraerous  thalli,  377 
Heterosporous  Pteridophyta,  399 

Phanerogams,  427 
Heterostyly,  286 
Ilevea,  543 
Hibbertia,  261 
Hihisceae,  349,  530 
Hieracium,  598 
Hildebrandtia,  334 
Himantlialia,  332 
Himantidiimi,  *314 
Hippomane,  543 
Hippophae,  540 

Hippuris,  236,  256,  563  ;  vegetative  point, 

*150 
Holcus,  480 
Holly,  Ilex 

Hollyhock,  Althaea  rosea 
Homoiomerous  thalli,  376 
Homosporous  Pteridophtjta,  399 


!  Honesty,  Lunaria 
Honeydew,  Claviceps  purpurea 
Honey-locust,  (Ueditschia 
Honeysuckle,  Lonicera 

Bush,  Weigelia 
Hop,  Humulus 
Hopea,  525 
Hordeae,  480 

Hordeum,  480,  481  ;  roots,  152 
Hormogonia,  307 
Hornbeam,  Carpinus 
Horn-nut,  Trapa 
Hornwort,  Geratophylhivi 
Horse-chestnut,  A  esculus 

-radish,  Cochlearia  Armoracia 

-tails,  Equisitinae 
Hosta,  see  Funkia 
Houseleek,  Sempervivum  tectorum 
Humming-birds,  fertilisation  by,  "284 
Humvbis,  *502,  503  ;   glandular  scales, 

*97,  99 
Humus  acids,  183 

theory,  196 
Hura  crepitans,  293,  541 
Hyacinthus,  466 
Hyaloplasm,  51 
Hybridisation,  287 
Hydathodes,  91,  99 
Hydneae,  370 
Hydnum,  *370 
Hydra,  213,  320 
Hydrangea,  552 
Hydrastis,  514 
Hydrocharis,  236,  245,  483 
Hydrocharitaceae,  483 
Hydrocotyle,  549i 
Hydrogen,  171-173 
Hydrolapathuin,  145,  335  ;  form,  *13 
Hydrophilous  plants,  282 
Hydrophyllaceae,  578 
Hydropterideae,  400  ;  alternation  of  genera- 
tions, 406 
Hydrotropism,  263,  281 
Hygroscopic  curvatures,  *247,  293 
Hylocomiuvi,  394 
Hymenium,  343 
Hymenogastreae,  373 
Hymenolichenes,  378,  380 
Hymenomycetes,  145,  363,  364,  378 
Hymenophyllaceae,  404 
Htjoscyamus,  '■432,  *447,  *581,  582 
Hypecoum,  517,  520 
Hypericaceae,  524 
Hypericum,  *524 
Hyphae,  341  ;  raultinuclear,  60 
Hyphomycetes,  340 
Hypnum,  394,  '^395 
Hypocotyl,  *45,  46,  294 
Hypoderma,  111,  170 
Hypogean,  458 

Hypogynous  flowers,  450,  ""451 
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Hyponasty,  249 
Hypophysis,  *456,  457 
Hypotlieciuiu,  359 
Hi/sterophyto,  565 

IliERIS,  519 
Iceluml  Moss,  Cetraria 
I.liobhists,  83,  *108 
Ifex,  537 

Illictuin,  515  ;  ethereal  oil,  7-i 
Inibil)itioii,  177,  188,  247 
Imbricated  leaves,  37 

Iiiipatieas,  533  ;  collenchyma,  *77  ;  epi- 
dermis, *92  ;  vessels,  101,  *107  ; 
stems,  187 

Incised  leaves,  30 

Independent  locomotion,  241 

India-rnbber  plant,  Firus  elastica 

Indigo,  562 

Individual  variations,  154 
Indusium,  402 
Inflorescence,  460 
Infructescence,  460 
I/it  i's/>ri'((,  320 
Initial  layer,  121 

Insectivorous  jdants,  206,  213-216 

Insects,  fertilisation  by,  284 

Integuments,  431 

Intercalary  growth,  21 

Intercellulars,   87  :  air  space,  87,  *108, 

*221  ;  lysigenic,  88  ;  secretion,  100  ; 

medullary  rays,  134  ;  passages,  222 
Interfascicular  cambium,  121 
Internal  development  of  organs,  237 
Internodes,  20 

Intine,  430  ;  of  the  Pteridophytes,  399 
Intramolecular  respiration,  219  ;   in  fer- 
mentation, 212 
Introrse  anthers,  447 
Intussusception,  growth  by.  79,  231 
In  If /a,  597-599 
Inulin,  74 

Invertin,  203  ;  in  the  protoj)lasm,  54 

Iodine  in  plants,  172,  *199,  334 

IjH'caciiii nha,  228 

Ipiniiocd,  577  ;  free  coils,  *260 

1  riarti'ti,  root-thorns,  43 

IrUhnr,u',  *469  :  diagram,  38,  *39,  469 

Iridescence,  223 

Iris,  *469,  470:  epidermis.  *93.  *113 

Iron  in  plants,  172,  174,  220 

Irritability,    movements   of.    see  Turgor, 

changes  of 
I  SI  it  is,  519 

Isorti's,  415,  416,  *422  :  desiccation,  179 
Isogamy,  318 

JAsroyK,  592 
Jasmin  mil,  573 
Jatt'iirhi-:!!,  516 
Jessamine,  .fnsniiinnii 


Jewel- weed,  Imp<Uiens 
Judas'-ear,  Anricuiaria 
Judas-tree,  Cercts 
Jiiijlandaceae,  499 
Jiiglans,  *498,  499 
Jtmcoceae,  465  ;  haulm,  28 
Juncufjiiwceae,  483 
Juncus,  *465  ;  leafless,  25 
Jungerinanniiin'ae,  389.  390 
Jimiperus,  *439,  *442;  leaves,  47;  attacked 
l)y  ('i/iiinosjxiro  If/ill  III.  367 

Kale,  Cromhc 
Kamaliu  543 
Karvokinesis,  60,  *61 
Kelp,  334 
Kerriii,  555 
Kleinia  articnlato,  194 
Klinostat,  263 
Kuarvel,  Sclera athus 
Knavtia,  595 
Knot-Grass.  Pidyijnmi m 
Kohl-rabi  beads,  373 
Kola  nuts,  *529 
Krameria,  559 

Labellum,  485,  487 
Ixihiiitae,  585,  *586  ;  nodes,  21 
Labiad florae,  585,  598 
Laburnum,  Cyti.sus 
Lachnea,  apotheciuni,  *359 
Lactarius,  372,  373 

La.ctKca,  *5s9,  599  ;  sap,  84  :  Scarii^fa.  254 
Lactucarium,  599 
Lamina,  29 

Laminaria,  145,  *329,  334 
Laminariaeeae,  329,  334 
iMinium,  *586,  587 
Lappa,  *595,  598,  599 
Larch,  Larix 
Larix,  440 

Larkspur,  l)elj»}i  in  iitui 
Lateral  geotropism,  258 

roots,  42 
Latex  cells,  83,  84 

iMthraea,  584  :  albumen  crystals,  71 
Lathy rus,  561  ;  leaf-tendrils,  35,  *36 
;  Laiiifatea,  380 
I  Latiraceae,  516 
i  Laurel,  Laiinis 
I   Launis,  517  ;  ethereal  oil.  73 
{  Lavandula,  587 
I  La  vat  era,  530 
Lavender,  lA'vinuhila 
Lead  in  plants,  172 
I  Leaf,  development,  *16,  *18.  *19,  28  : 
-cushion  (sre  I*idvinus)  ;  -scars.  34  ; 
tendrils,  35  :  tissue,  113  ;  rioral,  114  : 
foliage,  115  :  traces,  116 
Leaves,  arrangement,  37  ;  falling.  143  : 
transpiration,  190 
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Ledum,  568 
Legume,  459 

Leguminosae,  556  ;  leaf-cushion,  30  ;  wood, 
128,  130  ;  symbiosis  witli  bacteria, 
173,  200,  210  ;  movements  of,  269 

Lemanea,  334 

Lemna,  308,  *475  ;  roots,  41 ;  movement, 

245,  '-'246 
Levinaceae,  475 
Lemon,  Citrus  Limonum 
Lenticels,  *142,  222 
Leocarpus,  304,  *305 
Leo7itodon,  598  ;  flower,  "''268 
Lepidi'um,  519 

Lepidodendreae,  422  ;  thickening,  120 
Lepidosirobus,  423 
Lepiota,  372 

Leptome  [see  Sieve-tube  portion) 
Leptosporangiate  Ferns,  404 
Leptothrix,  *11,  *309,  312 
Lessonia,  330 
Lettuce,  Lacttica 
Leucadendron,  194 
Leucin,  203 
Leucohryum,  391 
Leucojum,  *468,  469 
Leiiconostoc,  309,  311,  ''"312 
Leucoplasts,  56,  59,  *69 
Levisticu.n,  549,  550 

Lianes,  vessels,  85  ;  meduHary  rays,  130  ; 

tliickening,  -"-137,  ''138 
Libriform  fibres,  127 
Lichen  islandicus,  '■"379,  381 
Lichenes,  375  ;  callosein,  80  ;  gymmcarpi^ 

378  ;  angiocarpi,  380 
Licorice,  562 

Life,  duration  of,  237,  238 

Light,  influence  on  growth,   163,  *199, 

*"200,  234,  267  ;  heliotropism,  252 
Lignified  cell-walls,  80 
Lignum    Haematoxyli,    559  ;  Juniperi, 

442  ;  Quassiae,  535  ;  Santali  rubrum, 

562  ;  Sassafras,  517 
Ligule,   *31,  476  ;  Selaginella,  419  ;  of 

Isoetes,  422 
Ligulifiorae,  598 
Ligustnim,  573 
Lilac,  Syringa 

Liliaceae,  465  ;  adventitious  buds,   19  ; 

diagram,  ''•38  ;  raphides,  '"72 
Liliijlorae,  *464 
Lilioideae,  466 
Lilivm,  *452,  466 
Lily  of  the  Valley,  Convallaria 
Lime-tree,  Tilia 
Lime  scales  on  Saxifrages,  194 
Linaceae,  532,  533 

Linaria,  583  ;  Oymhcdaria,  254  ;  germina- 
tion, 293 
Linden,  Tilia 
Linen,  533 


!  Linin,  56 
Linnaea,  590 
Linvin,  287,  ''448,  ''533 
Li>t,'!,l,n„l,ar,  552 
Liriitde nd run,  515 
Lithospermuin,  578 
Lithium  in  plants,  172 
Litmus,  378 

Live-for-ever,  Sednm  Telephixvin 
Liverworts,  Hepaticae 
Loasaceae,  526  ;  stinging-hairs,  97 
Lobed  leaves,  30 
Lobelia,  593 

Loheliaceae,  593  ;  torsion,  258 
Loculicidal  dehiscence,  459 
Locust,  Robiaia 
Lodicules,  479 
Lodoicea,  164 
Loganiaceae,  574 
Logwood,  Haematoxylon 
Lolium,  480,  *482 

Lonicera.  590 ;  accessory  shoots,  19  ;  leaf, 

30  ' 
Lonicereae,  590 
Loosestrife,  Lysimach ia 

Spiked,  Lythmvi 
Lophospeniuim,  "268 
Loranthaceae,  210,  566 
Lorantlmis,  567 
Lotoideae,  561 
Lotvs,  *559,  561 

Sacred,  Nelumbium 
Lousewort,  Pediadaris 
Lovage,  Levisticum 
Lunaria,  519 
Lun gwort,  Ptdmona ria 
Luptinvs,  561 
Lupulin,  99,  206 
Lupulinum,  503 
L'uzula,  465 

Lychnis,  508  ;  Viscaria,  92 
Lycoperdon,  292,  374 
Lycopersicum,  581 

Lycopodiaceae,  400,  416;  branching,  19;. 
roots,  41  ;  bundles,  105  ;  vegetative 
cone,  151,  152;  alternation  of  genera- 
tion, 290 

Lycopodinae,  150,  400,  415 

Lycopodium,  *19,  415,  "417,  "418  ;  gamo- 
stele,  111,  "112,  175 

Lysigenic  intercellulars,  88,  89 

Lysiviachia,  571 

Lythraceae,  563 

Lythrum,  564 

Mace,  515 
Madura.,  125 
Macrocystis,  330 
Macrosporangia,  399,  409 
Macrospores,  290,  399  ;  of  Salvinia,  "408, 
"409  ;  of  Selaginella,  "419,  "421 
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Madder,  Field,  Sherardia 

Magnesium  in  plants,  172,  17').  202 

Magnnlia,  515 

Mahoiiia,  516 

Maize,  Zea 

Miijantheinuiii,  466 

Majorani,  Oriijaitu m 

Malaoopliilous  jilants,  284 

Maltoniiatitjns,  156 

Malic  aciil.  205  ;  in  Ferns,  243 

Mall„(,is,  543 

Mallow,  High,  Molco  sUvestris 

Marsh,  Althaea  officinalis 

Rose,  Ilihiacns 
Maltose,  203 
.Maltuiii.  482 
Malra,  254,  *530,  531 
Mali-aceae,  529,  *530 
Malreae,  81,  530 
Mdiiiillaria,  526 
Maitilrat/ora,  581 
Mandrake,  Podnpfri/ll um 
Manganese  in  plants.  172 
Mangosteen,  Go  rein  ia 
Mangiove,  roots,  43  ;  transpiration,  195  : 

seedlings,  293 
Maiiihiit  utilissima,  543 
Manioc,  Ma n  ilwt 
Manna,  574 
Mannite,  334 

Manubrium  of  the  Characeae,  339 
Maple,  Ara- 
Maranta,  486,  487 
Marantaceae,  486,  487 
Maraffia,  *404 
Marattiareae,  404 

Marchantia,  *381,  *3S2,  *386,  *3S7  ;  in- 
ternal structure,  145  ;  res])iration, 
146,  226 

Marchanf iareae,  386 

Mare's-tail,  Hipjmris 

Marsh  Marigold,  Odtlia  pal  u. sir  is 

Marsilia,  225,  *407,  411  ;  movements, 
269 

Marsiliacme,  407,  411 
Marigold,  Odendida 
Massula  of  J  411 
Mastiche,  535 
Matthiola,  519  ;  hairs,  "97 
Matricaria,  *595,  597-599 
Maximum  temperature,  163,  234 
Ma,,dmc,  480 
Meartow-rue,  Tfialicirinn 

-saffron,  Culch icmii 
Mechanical  cells,  S2  ;  tissue,  169.  *170; 

intluence,  237,  26») 
M.dica>/u,  292,  294,  561 
Medick.  Mcdicayo 
Mftllar,  Mcspi/us 
M.dulla.  109,  110 

.M.-.lullary  rays.  110.  121.  *126.  ^127 


!  Medullary  sheath,  123 

Melainpyrum,  583  :  saprophytic,  210 

Mr/and ri/ If  III,  *508 
j  Melanthoideae,  466 
I  Mdastoiiiatacme,  564 
'  Mclica,  480 

Melissa,  *586,  587 

Melon,  Water,  CitruUns 
Musk,  (Jtu'uinis  Melo 

Melosira,  *314 

Membrane,  protoplasmic,  51,  177  ;  cell- 
wall.  79  ;  partition  of,  *87  ;  growth, 
231 

Menispermaccae,  516 
Mentha,  587 
Menyanth's,  575 

Mercitrialis,  542,  *543  ;  eiiidermls,  *92 
Mercury  in  plants,  172 
Merismopedia,  307 
Meristem,  89,  90,  121 
Meridins,  371 

Meseinhri/antheiiinin,  195.  509 

Mestome  (sec  Bundles,  primary  va.scular) 

Metabolism,  171,  205 

Metamorphosis,  10  ;  of  the  primitive 
forms,  15  ;  of  the  shoot,  22  ;  of  the 
leaf,  28,  34  ;  through  external  influ- 
ences, 155 

Metapha<es,  62 

Metapla.sm,  55 

Metzijeria,  389  ;  cells,  *149 

M icrasterias,  *  3 1 7 

Micrococcus,  *11,  308,  309  ;  combustion. 
212 

Microcyst,  303 

Micropyle,  *430,  431 
j  Microsomes,  55 

Microsporangia,  399,  409 

Microspores.  290.  399  ;  of  Sidcinia,  *409, 
I  *410  ;  of  Maqinella,  *420 

Middle  lamella,  *7"6,  80,  89 
I  Midrib,  31 

Midsummer  growth,  22,  124 

Mignonette,  Reseda  ndorata 

Mildew  fungi,  Krysiphcae 

Milfoil,  Achillea 

M  i  1  k  w  ort ,  Poly  gala 

Millet,  Indian,  Andropo<fi,n 

Mimosa,  558  ;  leaf,  30  :  ilcsiccation,  179  ; 
movements.  270,  *272 

Miniosaceae,  558 

Mineral  substances,  178 

Minimum  temperature,  163,  234 

Mint,  Mentha 

MirahUis,  509 
j   Mistletoe.  Viseinii  aUann 

Mitotic  division,  60 
'  Mniiinu  390,  392,  *393  ;  steni,  ^147 

Mnnandrae,  488 

M  oney wort .  Lysiinach  in 

Monimiaeeae,  515 
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Monohlepharidineae,  344 
MonobUjpharis,  *344 
Monochasium,  461 

Monocotyledones,  462,  *463  ;  venation, 
31  ;  bundles,  105,  117  ;  thickening, 
138 

Monoecious  plants,  285  ;  flowers,  428 

Monogenetic  reproduction,  275 

Monopodial  system,  17  ;  inflorescence,  460 

Monopodium,  17 

Monosymmetrical  plants,  16,  453 

Monotropa,  569 

Monotropeae,  saprophytic,  210 

Monstera,  474  ;  leaf,  31 

Monstrosities,  154 

Moonwort,  Botrychium 

Moraceae,  500 

Morchella,  *351,  *359,  360 

Morel  fungus,  Morchella 

Morin,  125 

Morphin,  206 

Morphology,  external,  9  ;  internal,  47 
Moms,  501,  502 
Mosses,  Musci 

Bog-,  Sphagnaceae 
Moss-plants,  383  ;   capsule,   384  ;  stem, 
390 

Movement,  power  of,  159  ;  phenomena  of, 
241  sqq. 

Mucilage-ducts  of  Gycadinae,  437 
Mucilaginous  matter,  73,  88 

sheath,  293 
Mucor,  *347,  *348,  -"-349 
Mucuna,  wood,  *137 
Mulberry,  Morus 
Mullein,  Verbascum 
•     Multicellular  formation,  64,  ''65  ;  hairs, 
98 

Multiplication,  275,  280 

Musa,  484  ;  leaf,  31  ;  seedless,  226 

Musaceae,  484 

Muscardine,  358 

Muscari,  466  ;  bifurcation,  19 

Muscarin,  206 

Musci,  381,  385,  390  ;  form,  12, 13  ;  cells, 
148  ;  vegetative  period,  238  ;  sexual 
organs,  391 
Muscinecie,  381 
Muscus  helminthocortus,  337 
Mushroom,  Agaricineae 
Musk-melon,  Cucumis  Mela 
Mustard,  520 

(plant),  Sinapis 

Black,  Brassica  nigra 

Treacle,  Erysiniurii 

White,  Sinapis  alba, 
Mutilation  of  plants,  226 
Mutisieae,  596 
Mycelium,  341 
Mycetozoa,  302 
Mycoinycetes,  343 


Mycorrhiza,  210 
Mycosin,  80 
Myosotis,  40,  578 
Myrica,  499  ;  w^ax,  91 
Myricaceae,  499 
Myricaria,  525 
Myriophyllum,  563 
Myristica,  515,  *'516  ;  fat,  73 
Myristicaceae,  515 
Myrmecodia,  214 
M yrmecophytae,  213 
Myronic  acid,  205 
Myrosin,  203 
Myrrh,  535 
Myrsinaceae,  571 
Myrsiphyllum,  *261 
Myrtaceae,  564 
Myrtiflorae,  562 
Myrtle,  Myrtus 
Myrtus,  565 
Myxamceba,  ■*'51,  303 
Myxomycetes,  302,  305  ;  plasmodia,  50, 
*-51 

Xajadaceae,  484 
Najas,  484 

Napobrassica,  see  Brassica. 
Narcissus,  469 
Nastvrtiniu,  193,  519,  532 
Neckera,  394 
Nectary,  451 
Nectria,  356 

Negative  geotropism,  251-256 
Nehimbium,  514 
Nevialion,  337 

Neottia,  227,  489  ;  saprophytic,  210 
Nepenthaceae,  523 
Nepenthes,  *34  ;  trap,  *216 
Nepeta,  587 

Nerium,  *574,  575  ;  tissue,  '"'88  ;  stomata, 
95 

Nervature  of  leaves,  see  Venation 
Neslia,  fruit,  *519 
Netted  veined  leaves,  30 
Nettle,  Urtica 
New  formations,  226 
Nickel  in  plants,  172 
Nicotiana,  -""448,  *579,  *580,  582 
Nicotin,  175 
Nigella,  511 

Nightshade,  Solannm  nigrum 
Deadly,  Atropa  Belladonna 
Nitella,  337  ;  protoplasm,  53,  245  j  tur- 

gidity,  '"167 
Nitrogen  in  plants,  172,  173 
Nodes,  20 
Nolanaceae,  579 

Nostoc,  307,  *308  ;  symbiotic.  213,  389, 
408 

Nostocaceae,  306,  308,  376 

Notorhizeae,  519 
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Xourishmeiit,  see  Nutrition 
Xucellus,  *279,  430,  431,  *4o6 
Xuclt-ar  cavity,  56  ;  division,  60 
Xiiclein,  04,  202 
XiK'leoli,  r»6,  62 
Xmleiis,  *48 

Xuphur,  r.U  ;  i.liobhist,  *108 
Xut,  striK-tiire  of,  459 
Xutations.  see  Autonomic  movements 
Xut  meg,  515 

Xutrition,  159,  171  ;  special  processes,  206 
574 

Xifctnijinuxeiie,  509  ;  thickening,  137 
X'yctitropic  movements,  270 
yifiiijihoeo,  236,  514,  *515 
yympliaeaceae,  514,  515  ;  idioblasts,  ^108 

Oak,  QuercHs 
Oats,  Arena 

Oluliplostemonous  andrcecia,  452 
Ochrea,  32 
Oe/trolechia,  379 
Ocimum  basilicinn,  587 
Oeilngoniuiii,  *324 
Oenanthe,  547,  550 
Oenothera,  563 
Oidho/i,  353 

Oil,  ethereal,  72,  73  ;  seed.  Camel ina  mlira 
-ducts,  88 

Oleander,  Xcr'nim  nleander 

Oleum  Aurantii  riorum,  535  ;  Cacao,  529  ; 
cailinum,  442  ;  Cocos,  473  ;  Crotonis 
543;  Macidis,515;  Menthae  Piperitae, 
587  ;  Olivae,  574  ;  Pini  pumilionis, 
443  ;  liicini,  543  ;  Rosae,  556  ; 
Rosmarini,  587  ;  Santali,  566 

Oligotaxy,  452 

Olive,  Oiea 

OiKcjracece,  *563 

Onion,  Allium  Cepa 

Onohnjchis,  294,  561 

Ononis,  561,  562 

Ontogeny,  44,  147 

Oogamy,  302,  318 

Oogonia,  319 

Ooiio/retes,  341,  347 

Oospheres,  302,  318 

Oosjtore,  302 

()/)Jiiiit/li>s!i(ireae,  404,  405 

Ojjhri/s,  489 

Opium,  206,  522 

Optimum  temjierature,  163,  234 

Ojnnilid,  *526,  527  ;  twig,  *25 

< fjiiintinae,  526 

Orache,  .{triplex 

(Grange,  Citrns 

root,  Jli/drastis  cuniulensi.f 

Orehidaeeae,  *487  ;  roots,  42,  43  ;  tubers, 
*43,  113,  195;  siliceous  bodies,  72; 
mucilaginous  matter,  73  ;  idioblasts, 
83  ;  velamen,  100 


Orchil,  378;  saprophytic,  210;  torsion,  258 
Orchis,  *488,  *489  ;  'ovule,  *455 
Organic  acids,  72,  74 
Organs,  <levelopn»ent  of,  224,  237 
Orientation,    movements   of  protoplasm, 
I  244  ;  torsion,  258 

Oriijanum,  587 

Ornithoijdlniii,  *466  ;  cells,  *76,  81 

Ornithophilous  plants,  284 
j   Onilfunehe,  584  ;  haustoria,  209 
I  Orris-root,  Iris 

Orseille,  aw  Orchil 
I  Orthogonal  trajectories,  150 
'   Orthoj>l,H:eue,  519 
I   OrtJiosperiiieae,  549 

Orthostichies,  39,  40 

Orthotropic,  250 

OryM,  480,  *481  ;  starch,  69,  70 
Ori/zeue,  480 

Oscillaria,  *307  ;  movement,  244 

Osmotic  forces,  187 

Osmunda,  *404 

Ostrich  Fern,  Stritthiojjteris 

Ovary,  *448,  *450 

Ovules,  *430 

Oxalate  of  potassium,  202  ;  calcium,  81, 
202 

Oxalic  acid,  202 

O.ra/idaceae,  532  ;  roots,  195 

Oxalis,  532  ;  acids,  74  ;  movements,  269 

Oxygen  in  plants,  171,  173,  200,  237 

Paeoxia,  '428,  511  ;  riowers,  33  ;  amy- 
loid, 81 
Palaquium,  569 
Palea,  402 

Palisade  parenchyma,  14,  *78  ;  cells,  115 
Palniae,  471  ;  flowers,  ♦463  ;  leaves,  31  ; 

root-thorns,  43  ;  siliceous  Ixxlie-s  72  ; 

endosperm.  81  ;  wax,  91  ;  thickeniug. 

120  ;  stability,  164 
Palmate  leaves,  30,  31 
Palmella  stage,  Alya*-,  318 
Palm  wine,  185 
Pandanaceae,  475 

Pandanus,  leaf,  38  ;  adventitious  roots, 

43  ;  seed,  294 
/'anieeae,  480 
Panicle,  *461 
Panirnm,  480 
Pansy,  Vinhr 

PajMirer,  *521,  522  ;   uniaxial,  27  ;  leaf, 

30  ;  bundles,  117 
PajMiveraceae,  521,  522  ;  latex  vessels,  84 
Papaw,  Carica  /'ajxit/a 
Pupil ionacme,   559  ;   leaf  tendrils,   35  ; 

wood,  137 
Papilhv,  95,  ♦96 
Pappus,  596  ;  hairs,  248 
J'<tjt)/riis,  478 
Parallel  veined  leaves,  30 
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Para-nuts,  Bertholletia 

Paraphyses  of  Fucus,  332  ;  of  the  Fungi, 
343  ;  Pyrenoviycetes,  355  ;  Discomy- 
cetes,  359  ;  Hymenomycetes,  368 

Parasites,  206  ;  reduction  of  leaves,  25  ; 
roots,  43  ;  influence  on  formation,  155 

Parastichies,  39 

Paratonic  movements,  249,  270 
Parenchyma,   ^78,   89,  102,  *106,  115, 
131 

Paris  qnadrifolia,  154,  446,  '-467,  468 
Parnassia,  251 
Paronychioideae,  506 
Parsley,  Petroselinum 

Beaked,  Anthriscus 

Bur,  Ccmcalis 

Fool's,  Aethusa 

Hedge,  Torilis 
Parsnips,  Pastinaca 

Cow,  Heradeum 

Water,  Siv,m 
Parthenogenesis,  68,  280,  340 
Partite  leaves,  30 
Passifiora,  *525 
Pastinaca,  549 
Paullinia,  137 
Paulownia,  583 
Pea,  cotyledon,  *458 
Peach,  Prunus  persica 
Pear,  Pirns  coimmmis 
Pectose,  80 
Pedate  leaves,  30 
Pediastruvi,  *320 
Pedimlaris,  583  ;  haustoria,  260 
PeiresMa,  526 
Pelargonium,  '"532 
Pellia,  389 
Peloria,  453 
Penicillium,  *353 
Pennywort,  Water,  Hydrocotyle 
Pentacyclic  flowers,  451,  '*452 
Pepper,  Black,  Piper  nigrum,  503 
Peppermint,  Mentha  piperita. 
Pepperwort,  Lepidium 
Pepsine  in  the  protoplasm,  54 
Peptonising  ferments,  83,  203,  205 
Perennial  plants,  27,  239 
Perfoliate  leaves,  30 
Perianth,  38,  *428 
Periaxial  wood,  138 
Periblem,  150 
Pericambium,  see  Pericycle 
Pericarp,  459 
Perichaetium,  392 
Periclinal  walls,  149 
Pericycle,  110,  *113 
Periderm,  139,  140 
Peridermium,  367 
Peridineae,  315 
Peridinium,  *315 
Peridiola,  374 


Peridium  of  the  Uredineae,  365  ;  Gastero- 
mycetes,  373,  375  ;  Myxomycetes,  303 
Perigone,  446 

Perigynous  flowers,  450,  *451 

Perinium,  399  ;  of  the  Equisetaceae,  248, 

*414  ;  of  Salvinia,  *411 
Periodicity  of  development,  237,  238 
Periods  of  growth,  symbols  for,  27 
Periphyses,  355 
Periplasm,  346,  399 
Perisperm,  *432 
Perisporiaceae,  351,  353 
Perisporieae,  352,  353 
Peristome,  248,  392 
Perithecium,  351,  352 
Periwinkle,  Vinca  minor 
Permeability,  166,  167,  177,  178 
Pernambuco  wood,  Gaesalpinia 
Peronosporeae,  344,  346 
Personatae,  579 
Peruvian  wax-palm,  Ceroxylon 
Petals,  446 
Petasites,  598 
Petiole,  29 

Petroselinum,  549,  550 
Peucedanum,  549 
Peziza,  *358 
Phacidiaceae,  359 
Phaeophyceae,  329 
Phaeosporeae,  331 
Phajus,  starch,  *69,  71 
Phalarideae,  480 
Phalloideae,  374 
Phallus,  *374,  375 

Phanerogamia,  45,  240,  374,  375,  427  ; 
fertilisation,  *'67  ;  sexual  generation, 
431 

Pharbitis,  ''261 
Phascaceae,  394 
Phascum,  *384 
Phaseoloideae,  562 

Phaseolus,  562  ;  coils,  261  ;  starch,  68, 
'^69 

Phegopteris,  spermatozoid,  "67 
Phelloderm,  141,  *142 
Phellogen,  140,  '141,  ''142 
Philadelphus,  552 
Phleiim  pratense,  480 
Phloem,  see  Sieve -tube  portion 
Phloeoterma,  109 
Phloroglucin,  74,  80 
Phlox,  577 
Phoenix,  *472 
Phormimn,  '''170 
Phosphorescence,  223 
Phosphorus  in  plants,  54,  70,  171,  173, 
202 

Phototactic,  see  Heliotactic 
Phrag mites,  480 
Phycocyanin,  58,  306 
Phycoerythrin,  58,  335 
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Phyeomyces,  349 
P/tycnm!/cete.<t,  341,  343 
Phvcopha-in,  58,  330 
PhvHoclades,  24,  *25,  *261 
Pliyllodes,  3»j,  *46.  194,  254 
Phylogeiiy,  145,  154 

r/i)/sitit\s,  5s  1 

Physical  attriUntes,  160,  167 

Physiology,  159 

Physodt's,  55 

P/iysostitjiitd,  562 

Physostigiuiiiuiii,  562 

Phytelephas,  81,  205,  473  ;  endosperm, 

♦458 
Phyteunw,  592 

I'luitiihirnu  509  ;  bundles,  117 
PhiftiildrrareiH',  509  ;  thickening,  137 
I'ln/tophthoro,  344,  *345 
Phytoteratolugy,  154 
Phvtotoniy,  10 

Pkea,  *435,  *436,  440  ;  resin,  88 

Picraena,  535 

Pigeon  Berry,  Phytolacca 

Pigweed,  Chenopii(Un m 

Pilacn;  363,  368 

iMleus,  368,  370 

Piln/jolos,  349  ;  heliotroi)ic,  252 
Piloi  arpin,  206 
Piloraipm,  535 
Pilostyles,  209 
I'ihilariii,  *407,  411 
Pimpernel.  .1  iKtijdllis 
Piiiijiiiu'lla,  *546,  549,  550 
Pinaceae,  439 
Pine,  Pitii/s 

Pine-apple,  Bromd iaceac 
Piiii/inciifa,  584  ;  trap,  215 
Pink,  JJianthns 
Pinnate  leaves,  30,  31 
Pinnulario ,  *11 

Pinvx,  438,  *441  ;  wood,  *76,  '123,  *126, 
*127,  *128,  *129  ;  sieve-tubes,  *77, 
*86  ;  attacked  by  Hcteroktsidia,  371 

Piper.  503,  *504  ;  ethereal  oil,  73 ; 
bundles,  117 

Piperaceae,  503 

Pipe- Vine,  Aristit/oc/i  ic  jupho 

/'ini.s,  *451,  *553,  *554,  555  ;  periderm, 
♦141;  lenticles,  142;  attacked  by 
(/yiii  )t  <  ispora  ng  iu  iii ,  351 

PLstacia,  535 

Pistil,  ^449 

Pls^inii,  ♦560,  562  ;  leaf-tendrils,  ^36 

Pith,  sf'f  Medulla 

I»its,  76,  77 

Pitted  vessels,  85 

Pix  li(iuid;i,  442 

Pliict-ntation,  *449 

riai/iochi/o,  390  ;  form,  ^14 

Plagiotropic,  250 

Pl:inkt(m,  31  I 


Planogametes,  318 
I'lantaginnceiic,  584 

Plontaijo,  ♦584,  585  ;  triaxial,  27  ;  bundles. 

101  ;  protogjniy,  ^286 
Plantain,  Plantngo 
Plantain,  Water,  Alisnui 
Plasmodium,   50,  303,  305  ;  absorption. 

176  ;  movement,  242 
Plasmolysis,  167 
Phusmopara,  345 
Plutunaceae,  552 
Plata nthera,  489 
Platyccriinii,  227 
Pleiochasium,  461 
Pleiotaxy.  452 
Plerome,  150 
Plein-ncocrif,s,  323 
Pleura rrhizi-at\  519 
Pleurnsigma,  314 
Plum,  P run  Its 

Pluuihaginaceae,  Plumbago,  571 
Plumule,  ^456 
Poa,  278,  480 
Pod,  sec  Legume 
Podetium,  379 
Poiltqihyllinuni,  516 
Putlop/iylluui,  516 
Podospora,  *Z56 
Pokewee<l,  P/tytolac4:a 
Polarity,  226,  227 
Polemoniaceae,  577 

Pollen-grains,  -sacs,  -cells,  *429,  ^430  : 
-tubes,  66,  431,  456  ;  chambers,  438 
Pollination,  282 

PoUinium  (Pollinarium\  ♦488,  576 
Polyarch,  118 
Pol  year j)icac,  509 
Polycarjtum,  285 
Polyend)ryony,  279,  457 
Poiygala'  Pnlygalareac,  ♦533,  534 
Polygamous  tlowers,  428 
Polygonareae,  504  ;  stipules,  32 
Polygonatum,  ♦463  ;  rhizome,  ^22  ;  sym- 

podium,  18 
Polygouiuae,  503 

Polygonum,  504  ;  ovary  of,  ^455 ;  attacked 

bv  Puccinia,  367 
Polyhedra,  320 
Poli/pinltaceat',  402 
Poiypotiium,  402,  404,  ^405,  ^406 
Polyporeae,  370 
Polyponis,  370,  ♦371,  373 
Polysymmetrical  plants  16 
Polvtomv,  17 

PUytriciiuui,  391,  392,  394,  ^395 

I'omacrae,  jdiellogen,  140 

Pomegranate,  Punira 

l'oiitni,hw,  228,  554 

Po n d - w ce<  1 ,  Pofamogctou 

Poor-man's  Weather-glass,  AnagaUis  ar- 
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Poplar,  Populus 
Poppy,  Papaver 

Populus,  *493,  495  ;  section  of  bud,  ^'2,7 
Poricidal  dehiscence,  459 
Portulaca  oleracea,  509  ;  seed,  294 
Positive  stimuli,  251  ;  heliotropism,  252  ; 

geotropism,  257 
Potamogeton,  *483,  484  ;  seed,  294 
Potash  plants,  176 
Potassium  in  plants,  172,  173,  202 
Potato,  Solanum  tuberosum 
Potentilla,  *451,  553,  555 
Poterium,  554 
Prickles,  99 

Primordial  leaf,  29  ;  utricle,  49 
Primrose,  Primula 

Primula^  571  ;  glandular  hairs,  *97,  98  ; 

heterostyly,  *286 
Primulaceae,  *570,  571 
Primulinae,  569 
Privet,  Ligustrum 
Procambium  strands,  105 
Promeristem,  89 
Promycelium,  364 
Prophases,  62 
Prophylla,  see  Bracteoles 
Prosenchyma,  89 
Protandry,  285,  286 
Proteaceae,  194,  540 

Prothallium,  290,  397,  398,  405,  413,  431 

Protobasidia,  *363 

Protococcoideae,  319,  320 

Protogyny,  285,  286 

Protomyces,  349,  *350 

Protonema,  *383 

Protophloem,  105,  ''106 

Protoplasm,  48,  50  ;  active,  53,  54  ;  in- 
clusion of,  68  ;  living,  177  ;  move- 
ment, 241,  244 

Protoplast,  52,  86,  242 

Protoxylem,  105 

Prunoideae,  553,  555 

Prumis,  553,  555,  *556  ;  spinosa,  thorns, 
26  ;  cerasiis,  gum,  81  ;  lenticles, 
142  ;  growth,  226  ;  persica,  attacked 
by  Exoascus,  352 

Psalliota,  *372 

Pseudoparenchyma,  341 

Pseudoperianth,  388 

Pseudopodium,   of  Andraea,    *395  ;  of 

Sphagnum,  *396 
Psidiuvi,  565 
Pterocarpi  Lignum,  562 
Pteridophyta,  397;  roots,  15,  43  ;  bundles, 

101,  105,  119  ;  cells,  150,  153 
Pteris,    *398,   404  ;    vessels,    85,   *86  ; 

bundles,  *106,  *111  ;   petiole,  116  ; 

roots,  *151  ;  cretica,  279 
Pterocarpus  santalinus,  125,  562 
Puccinia,  *364,  *365,  *366,  367 
Puff-balls,  Lycoperdon 
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Pulmonaria,  578 
Pulque,  185 

Pulpa   prunorum,    556  ;  Tamarindorum, 

559  ;  Colocynthidis,  594 
Pulvinus,  30,  269 

Pumpkin,  Cucurhita  Pepo,  see  also  Glut- 
amin 

Punica,  Punicaceae,  564 
Purslane,  Portulaca 

Pycnidia,    of  the   Pyrenomycetes,    356  ; 

Uredineae,  *366  ;  Lichens,  *380 
Pycnospores,  Pycnoconidia,  see  Pycnidia 
Pyrenoids,  71 
Pyrenolichenes,  380 
Pyrenomycetes,  351,  355,  378 
Pyrocystis,  223 
Pyrola,  Pyrolaceae,  569 
Pythium,  *346 
Pyxidium,  459 

Qualitative  reproduction,  see  Sexual 
Quantitative  reproduction,  see  Vegetative 
Quassia,  535 

Quercus,  *-495,  "'-496,  499  ;  bud-scales,  33 ; 

vessels,  85  ;  midsummer  growth,  124  ; 

suher,  cork,  140  ;  bark,  141,  *143  ; 

galls,  155  ;  growth,  226 
Quillaja,  552,  555 
Quillwort,  Isoetes 
Quince,  Cydonia 

Eaceme,  460,  "='461 

Racemose  inflorescence,  see  Botryose 

Radial  plants,  16,  453  ;  walls,  149,  see  also 

Actinomorphic 
Radicle,  46 
Radish,  Raphanus 

Garden,  Rapjhanus  sativus 
Radix   Althaeae,   531  ;   Angelicae,  550  ; 

Arnicae,    599  ;    Belladonnae,    582  ; 

Calumbae,    516  ;    Gentianae,    575  ; 

Graminis,  482  ;  Ipecacuanhae,  589  ; 

Lappae,  599  ;  Levistici,  550  ;  Liqui- 

ritiae,  562  ;   Liquir.  niundata,  562  ; 

Ononidis,    562  ;    Pimpinellae,    550  ; 

Pyrethri,  599  ;  Ratanhiae,  559  ;  Rhei, 

506  ;   Sarsae,   468  ;   Senegae,   534  ; 

Taraxaci,  599  ;  Valerianae,  591 
PMfflesia,  566  ;  Arnoldi,  26,  43 
Rafflesiaceae,  566  ;  reduction  in  leaves,  26, 

209 

Ramenta,  402 
Rampion,  Pliytevma 
Ranunculaceae,  510 

Ranunculus,  ^'450,  ''510,  ''511-''513,  514; 

leaves,  31  ;  bundles,  103,  ''104  ;  cells, 

92  ;  Purshii,  *236 
Rape,  Brassica  Napus  {oleifera.) 
Raphanus,  *518,  519 
Raphe  of  the  Diatomeae,   313  ;   of  the 

ovules,  ''430,  431 
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Raphi.les.  *72,  139 

Raspberry,  Jtiihiis  i 

Keceptaeie,    of  sporangia,  402  ;   of  the  i 
riower,  4r»0 

Red  samlahvood,  fi62 

Reduction  of  leaves,  35,  43  ;  of  transpira- 
tion, 194 

Rtfindeer  moss,  Clmhinia 

Rejuvenescence,  76,  275 

Reproduction,  159,  274  .v/y. 

Reseda,  522  ;  cells,  *65 

Resedoeeae,  522 

Reserve  starch,  68  ;  material,  SI,  204 
Resin,  21,  73,  88,  126,  134,  206 
Respii-ation,    159,    216  :  intranjoleciilar. 
*219 

Respiratory  roots,  43  ;  cavity,  95 

Restiaceae,  470  i 

Resting-spores,  309  j 

Reticulate  vessels,  85 

Revolving  movements,  259 

Rhachis,  30 

Rhciuiaccae,  539 

Rhannius,  142,  *538,  539 

Rhatany  root,  559 

Rheotaxis,  243 

Rheotropism,  263  | 
lih'i'n,,  *505,  *506  j 
Rhinanthoideae,  583  ;  attacked  Ijy  Cvlea-  j 
.sj)t»-ii(m,  367  I 
RJiinanthus,  583  ;  liaustoria,  209 
Rhizines,  378 
Rhi:nhinm,  *210,  312 
Rhizocarpae,  406 

Rliizoids,  15 ;   of  the   Bn/ophi/ta,  3S3. 

391  ;  of  the  Pterid„j,hi/ta,  397  j 
Rhizoma  Calami,  475  ;  Filicis,.  407  ;  Gal- 

angae,  486  ;  Graminis,  482  ;  Iridis,  ! 

470;  Podophylli,  516;  Veratri,  468  ;  | 

Zedoariae,  486  ;  Zingiberis,  486  , 
Rhizome,  22,  33  ;  multiplication,  278  ; 
Rhir.omorp/ui,     *369  ;  phosphorescence, 

223  ;  heliotroi>isni,  253 
Rhiziphom,  293 
R]tod<ideudn>ide(ie,  568 
RliodiHiiela  .sidi/iisea,  337 
llh»dnj,hyee(u',  13,  334 

Rltnetidinac,  517  i 
Rhubarb,  Rheum 
Rhus,  535 
Rhylisiim,  359 

Rdjes,  *o51,  552;  attacked  by  ''/•./«(/- 

tiuin,  367 
Ruria,  385  ;  form,  *14 
Rirciaceae,  385  i 
Rice,  On/m  I 
Frencli,  Triticnm  dicoccum  | 
RichaidUi,  474  ' 
Rictiius  comiiiuuis,  *542,  543  :  aleurone,  i 

*71  ;  palisade  cells,  115  | 


Rigour,  cold,  heat,  etc.,  273 
Ringed  bark,  141 

Rvbinia,  561  ;  leaf,  30,  *36  ;  tvloses, 
*125 

Roceella,  378 

Rock-Rose,  European,  HelUinthanvin  vid- 

'/are 
Roestella,  367 
Rootless  ])lants,  47 

Roots,  15,  40-47  ;  cap,  15,  41,  *152 ; 
respiratory,  43  :  primary  cortex,  112, 
113;  sheath,  113;  central  cylinder, 
113;  hairs,  ♦182;  pressure^  *184, 
185  ;  contraction  of,  295 

Rose,  553,  556  ;  prickles,  36,  99  ;  ethereal 
oil,  73 

Riisaeeae,  552,  *553 

Rosae  centifoliae  petala,  556 

Rosemary,  Rngmarnms 

Rnsijfnrue,  552  ;  wood,  129 

/i'W//«//*<////.<t,  587 

Riisiddeae,  554 

Rosolic  acid,  80 

Rostellum,  488 

Rotation  of  the  protoplasm,  52,  242.  24  1 

slow,  method  of,  263 
Royal  Fern,  Osmnnda  regal  is 
Rozdes,  214,  373 
Jinbtfieeae,  588 
Rubidium  in  plants.  172 
RidiutKie,  587 
Ruttoideac^  554 

Ridms,  554 J         ;  prickles,  36 
Rue,  7i«/rt  ffroreiilens 
Riiinex,  504,  505  ;  acids,  74 
Runners,  see  Stolons 
Ruse  IIS,  *25 
Rush,  Bog,  Juncus 

Flowering,  Buiomvs 

Woo«l,  Luzula 
Ru.ssula,  *368,  373 
Rust  fungi,  Urcdineae 
Ruta,  *534 
Rutaeeae,  534 

Rye,  iiecide  ;  attacked  by  Clm-iceps,  358 

^^ABADILLA,  466 

S(teeu  III  ilia,  282 

Saccharine  in  sap,  185 

Saeehanniii/ees,  350;  form.  10.  *11.  56 

Stweho roiiiyccies,  350 

Saccharose,  74 

Sinrhanini,  480,  *4S1,  4m'.  :.u7  :  wax, 
91 

Sacre»l  Lotus,  Xehimhiuui 
Saffron.  469 
Sage,  Sdvia 
SitijUtnrin,  •483 

St.    John's   Wort,   common,  llijjtericuin 

jfrr/nratuin 
Sale]*,  Oir/iis 
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Salicaceae,  493 
Salisbury  a,  443 
Salix,  *493,  494 
Salsify,  Tragopogon  j^orrifolius 
Salvia,  *287,  293,  407,  587 
Salvinia,  *408,  *409,  ^^"410,  "Mil  ;  root- 
less, 44,  181 
Salviniaceae,  407 

Samhucus,  *590  ;  phellogeii,  141,  *142  ; 

shoot  of,  *170 
Samolus,  axillary  shoot  and  leaf,  *21 
Sandalwood,  Santalum  album 

Bed,  562 
Sandwort,  Arenaria 
Sanguisorba,  554 
Sanicula,  549 
Santalaceae,  209,  566 
Santaliii,  125 
Santalum,  566 
Sap,  185  ;  -cavities,  49 
Sapindaceae,  535  ;  wood,  137 
Sapindinae,  535 
Saponaria,  509 
Saponin,  74 

Sapotaceae,  569  ;  resin,  73 
Saprolegnieae,  346 
Saprophytes,  206 
Sap  wood,  124 
Sarcina,  *312 
Sargassum,  330 
Sarothaninus,  194 
Sarracenia,  trap,  216 
Sarraceniaceae,  523 
Sarsaparilla,  468 
Sassafras,  517 
SaMreia,  587 

Saxifraga,  551  ;  calcium-carbonate, 
194 

Saxifragaceae,  551 
Saxifraginae,  550 
Scabiosa,  595 

Scalariforni  vessels,  85,  *106,  *110,  -'1 
Scale  leaves,  29,  32  ;  hairs,  ""98,  99 
Scaly  bark,  141 
Scandix,  549 
Scape,  28 

Scenedesmus,  ^'"319 
Schistostega,  223,  394,  ''"395 
Schizaeaceae,  404 
Schizocarp,  460 
Schizoviycetes,  305-308 
Schizonema,  313 

Schizophyceae,  58,  305,  306,  375 
Schizophyta,  305,  306,  375 
Schizosteles,  *111 
Schnlze's  macerating  mixture,  89 
Scilla,  466  ;  mucilage,  73 
Scirpoideae,  477 
Scirpus,  477  ;  shoot,  25 
Scitamineae,  484 
Sderanthus,  508 


Sclerenchyma,  111  ;  development  of,  "170, 

237,  266 
Sclerenchymatous  fibres,  *75,  *82 
Scleroderma  vulgare,  *373 
Sderotinia,  359 

Sclerotium  of  the  Myxoviycetes,  53,  304  : 
of  the  fungi,  341  ;  of  Claviceps,  358  : 
of  the  Discomycetes,  359  ;  of  the 
Hymenomycetes,  368 

Scolopendrium,  *402,  *403 

Scorpioid  cyme,  see  Cincinnus 

Scorzonera,  598  ;  latex  vessels,  *84 

Scrophularia,  583 

Scrophulariaceae,  582 

Scutellum,  295 

Scyphantus,  261 

Scytonema,  380 

Sea-lavender;  Statice 
-rocket,  Gakile 

Secale,  *480 
cornutum,,  358 

Secondary  growth  of  Monocotyledons,  138 

Sedge,  Cyperaceae 

Sedum,  195,  ^''551 

Seed,  dissemination,    291  ;  germination, 
293  ;  development  of,  456 
-leaves,    46  ;   -mantle,    432  ;  -plants, 
432  ;  -coat,  458 
Seedlings,  294 

Selaginella,  415,  418,  ''419,  *420,  *421  ; 
monopodial,  17  ;  desiccation,  179  ; 
phosphorescence,  223  ;  movement, 
247  ;  alternation  of  generation,  290 

Selaginellaceae,  400,  418  ;  bundles,  105 

Selective  power  of  cells,  177 

Selenium  in  plants,  172 

Semen  Colchici,  468  ;  Cydoniae,  556  ; 
Lini,  533  ;  Myristicae,  515  ;  Papa- 
veris,  522  ;  Quercus,  499  ;  Sinapis, 
520  ;  Strophanthi,  595  ;  Strychni. 
574 

Sempervivum,  195,  551 
Seneca,  Polygala  Senega. 
Senecio,  Senecioneae,  598 
Senega,  534 
Senna,  559 
Sepal,  446 
Separation,  275 
Septate  Avood-fibres,  127 
Septicidal  dehiscence,  459 
Sequoia,  239,  440  ;  stability,  165 
Serjania,  137,  ''138 
Serrate  leaves,  30 
Sesleria,  194 
Sessile  leaves,  29 
Seta,  392 
Setaria,  480 

Sexual  reproduction,  275,  280 
Shallots,  Allium  ascalonicum 
Sheath,  32  ;  conducting,  204 
Sheep's-bit,  Jasione 
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ShephenUa,  540 
Shepherd's  Needle,  Scandix 

Purse,  (JitjtseUa 
S/ierardia,  589 

Shields  of  the  (  'haraceae,  339 

Shoots,  .18-28,  153  ;  -apex,  *18  ;  adveuti- 

tious,  225  ;  pole,  227 
Shrubs,  27 
Sictfds^  *266 

Sieve-tul)es,  *77,  '85,  *102,  *103,  *106, 
131,  133  ;  -plates,  78,  84  ;  -vessels, 
83,  84  ;  parenchyma,  103 

SiifiUarieae,  423  ;  thickening,  120 

silene,  SilenoUkoe,  92,  *507,  508 

Silica,  82 

Siliceous  bodies,  72  ;  earth,  314 
Silicon  in  jdants,  172,  175 
Silindome,  *519 
Siliqua,  459 
Sdifjuosat',  519 
Sdphinvi  laci/iiatiD/i,  254 
Silver  in  plants,  172 
Siiaambaccae,  535 
Simple  leaf,  30 
Siiutpif,  519  ;  light,  *235 
Sinistrorse  stem-climber,  *261 
Sinuate  leaves,  30 

Sip/toneae,  325  ;  multinuclear,  60  ;  tissues, 
86  ;  jiolaritv,  227  ;  flow  of  protoplasm, 
246 

Siphonoganis.  431 

Siriisiphoti,  376 

i<isymbriinn,  519 

Sium,  *548,  549,  550 

Sleep  movements,  see  Nyctitropic 

Slime  fungi,  M yxomycetes' 

Snidax,  466,  468 

Sin i/r Ilium,  cotyledons,  295 

Snake-root,  Pobjinda  Senega 

Snapdragon,  A  ntirrhimnn 

Snapweed,  Lnpatiens 

Snowl)all  tree,  Vihuniuin 

Snowdro)),  (t'tdan/hiifi 

Snowtlake,  Leucojuin 

Soapwort,  Saponaria 

Sodium  in  plants,  172,  175 

Soil,  absorptive  power,  183 

Solunaceae,  *579,  580 

Solanin,  74,  205 

Sn/aninn,  581,  582  ;  tuber,  *24,  261  ;  epi- 
dermis of  leaf,  *345  ;  tubero,suin,  582 
Sn/iduf/o,  598 

Solomon's  seal,  Polygnnatnm  midtiflornm 
Sunrhiis,  598 
S„hn.s,  554 
Sored ia,  378 

Snri/lnnn,  481  ;  amylodextrin.  70 
Sorrel,  liiinw.r 
Sorus.  402 

Sow-Thistle,  Soncli  n.s 
S/Hiilicitloior,  470 


Spadix,  461 

Spariussis,  370 

Sparijaniaceue,  Spunjanium,  475 

Spnrtium,  25 

SjHdhixlea,  193 

Spectrum  of  chlorophyll,  *57 

Specidaria,  593 
I  Sjteedwell,  Veronica 
I  Spelt,  Triticum  Sjjelta 

Spen/idd,  508 

Spermaphyte,  301,  432 

Si)ermatium,  336 

Sperniatia,  of  the  l)ictyidaceae,  334  ;  Re<l 
Algae,  336  ;  Uredineae,  366  ;  Fungi, 
380 

Spermatozoid,  66,  281,  302,  318 

Sperm  nucleus,  *67 

Spermogonia,  366,  380 

Sphacelia,  358 

Sphaerella,  243,  *320,  321 

Sphaeria^  356 

Sphaerothallia,  379 

Sphaeriitheca,  352 

Spluvjuaceae,  239,  390,  394 

SphafjntniL,  *391,  *396  ;  cells,  146 

Spike,  460,  *461 

Sj)ikelets  of  (rrmnineae,  478 

Sjiilanthes,  599 

Spinach,  Spinacia 

Spinacia,  507  ;  starch,  69 

Spindle,  30  ;  fibres,  *61  ;  -tree,  Efonytnuf 

Spiraea,  Spiraeoideae,  554,  555 

Spiral  vessels,  85 

SpiriUvm,  ♦ll,  309,  312 

Spirochaete,  309,  *312 

Spirode/a,  475 

Spirogyra,  *316,  317  ;  cells,  *64  ;  j)yre- 
uoid,  71  ;  movement,  244 

Spirolobeae,  519 

Spindinae,  244 

Splachnuin,  392 

Spon'jida,  213.  320 

Spongy  parenchyma,  115 

Sporangium,  303,  318  ;  opening,  248  ;  of 
the  Cyatheaceae^  *404  ;  JCi/nisetinae, 
413  ;  Ilydropteridae,  402  ;  MarsUi- 
aceae,  407  ;  IHeridophytes,  399 

Sporaugiophores,  342 

Spores,  45,  2S0,  300  ;  of  the  My. nun  yet- Us, 
50  :  thickening.  76.  78  ;  desiccation. 
179  ;  <lissemination,  248 

Sporidia,  362 

Sporocarp,  406 

Sporogonium.  384,  388,  392 

Sporophyll,  33,  399,  429 

S|)orophyte,  398 

Spring  woo<l,  123 

Spurgi',  Kufihitrfiia 

Spurrey,  Spenjida 

Stability  of  the  plaiit-l)ody,  164 

Stuck ys,  587 
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Stalked  leaves,  29 
Stamens,  427,  447 
Staminodes,  448 

Stapelia,  576  ;  succuleut  stems,  94 
Staphylococcus,  312 
Star- Anise,  Illicium 

Starch,  *68,  *69  ;  grains,  199  ;  transitory, 
204 

Starwort,  Stellaria 
Statice,  572 
Stegocarpae,  392 
Stele,  109,  110 
Stellaria,  508 
Stellatae,  589 

Stem,  109  ;  climbers,  258,  see  also  Axis 

Stemonitis,  *304 

Sterculiaceae;  *528 

Stereome,'  *169,  *170 

Stereum,  370 

Sterigmata,  342,  *368 

Sterile  seeds,  277 

Stickwort,  Stellaria 

Stigma,  *448,  449 

Stigmaria,  423 

Stigmatic  fluid,  194 

Stinging  hairs,  *96,  97 

Stipa  pennata,  247 

Stipe,  194,  370 

Stipules,  29,  32 

Stock,  Matthiola 

Stolons,  24 

Stomata,  94,  189,  222 
Stonecrop,  Mossy,  Sedtim  acre 
Stone-fruit,  see  Drupe 
Stone  worts,  Characeae 
Storksbill,  Erodiuvi 
Stratiotes,  483 
Strawberry,  Fragaria 
Streptococcus,  *312 
Strickeria,  *356 
Stroma,  356 

Strontium  in  plants,  172 
Strophanthtis,  575 
Structural  deviations,  154 
Struthiopteris,  402 
Strychnin,  206,  574 
Strychyws,  574 
Style,  *448,  449 
Styracaceae,  669 
Sty  rax,  569  ;  liquidus,  552 
Suberin,  80 

Suberised  cell-walls,  80 
Subsidiary  cells,  94 
Subtending  leaf,  19 
Succisa,  ^''595 

Suction  roots,  43  ;  of  transpiring  shoots, 
*192 

Sugar,  73,  185,  199  ;  -cane,  Saccharum 
Sulphur  in  plants,  73,  172,  173,  220 
Sulphuric  acid,  action  in  protoplasn),  63 
Sumach,  Rhtis 


Summer  Savory,   Satureia ;   Spores,  see 

Uredospores 
Sundew,  Drosera 
Sunflower,  Helianthus 
Suspensor  of  the  embryo  of  Lycopodiaceae, 

418 

Swarm-spores,  50,  -"^l,  243,  303,  318 
Sweet  Basil,  Ocimum 

Bay,  Laurus  nohilis 

Flag,  A  cor  lis 
Sycamore,  Acer pseudo-Platanus 
Symbionts,  206 

Symbiosis,  173,  211,  320,  377,  408 
Symbols  for  periods  of  growth,  27 
Symmetry,  relations  of,  15,  16 
Sympetalae,  567 
Sympetalous  perianth,  446 
Symphytum,  578 

Sympodial  inflorescence,  see  Cymose 
Sympodium,  17 
Syncarpous  gynoecium,  448 
Synergidae,  454,  *456 
Syringa,  226,  573 

Syrupus  Mori, .  502  ;  Kibium,  552  ;  Idaei, 
556 

Systems  of  classification,   299,   see  also 
Tissue 

Tabasheer,  175 

Tamaricaceae,  Tariiarix,  525 
Tamarindns,  *557,  559 
Tannin,  72,  74 

Tapetum  of  the  Pteridophyta,  399 
Taphrina,  352] 
Tapioca,  543 
Tap-roots,  42 

Taraxacum,  168,  248,  ^■'597 
Tarragon,  Artemisia  Dracuncidus 
Tartaric  acid,  205 
Taxaceae,  443 
Taxineae,  132 

Taxodioideae,  Taxodium,  439,  440 
Taxus,  *443,  *444  ;  bundles,  117,  '118, 
*119 

Tea,  525  ;  see  Thea 

Teak -tree,  Tectona 

Teasel,  L)  ipsa  ens 

Tectona,  585,  586 

Tegunientary  system,  90 

Teleutospores,  364 

Tellurium  in  plants,  172 

Temperature,  influence  on  growth,  234,  267 

Tendrils,  26 

Tentacles,  99,  215 

Terebinthiua,  442 

Terebinthinae,  534 

Ternstroemiaceae,  525 

Tetragonia,  seed,  294 

Tetraspores,  335,  384 

Tevcriurn,  587 

Th  alariiiflorae,  448 
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Tholktnnn,  117,  511 
Tlialliiuu  in  plants,  172 
ThiiUnphiitu,  301  ;  lorni,  13,  59 
Thallus,  10-14,  375 
Thaiiinidiuin,  348 
Tliea,  *524,  525 
Thecae,  447 
Thein,  206 
Theh/ihitreue,  370 
Theohnnno,  *529 
Thfohroniin,  206 
Theoretical  diagram,  39 
Therniatropisni,  263 
Thesiuiit,  566  ;  Haustoria,  209 
Thic  kening  of  stem,  75,  120,  137 
Thistle,  Blessed,  Cnirus 

Common,  Cirshnn 

Plumeless,  Canlmis 
Thldilitintha  diihia,  225 
ni,(sp{,  172,  519 
Thorn-apple,  JJafum 
Thorns,  *26 

Thorough -wax,  Biijthvnun 
Thorough  wort,  Kuputoritnii 
Thrift,  Armeria 

Thuja,  *433,  440  ;  Imdding,  *45  :  leaf,  46 
Thyme,  Thymus 
Thymelo.ea,  Thymelaeinae,  539 
Thymus,  587 

Ti/ia,  *528  ;  wood,  129,  *130,  *131,  *132  ; 

pollen-grains,  430 
Tiliacme,  *527 
TiUnndsia,  195 
Tilldio,  Tllletiaceae,  361,  362 
Tin  in  plants,  172 
Tinnevelly  Senna,  559 
Tissues,  86  siiq.;  systems,  90  ;  distribution 

of,   108  ;  secondary,   120  :  tension 

of,  167  ;  mechanical,  169 
Titanium  in  plants,  172 
Toatl-Hax,  Linuria 

-stools.  A;f((rii'iuf((*' 
Tobacco  plant,  yi'iitiana 
Tmh'd  (i/riamn,  279 
Toluifem,  560,  562 
Tnhfpellopsis,  340 
To  J  uat  o,  Lyrn pfrs  ic  u  m 
Timientciui,  })jvsidia,  363 
Tonojjlast,  55' 
Toothwort,  Liifhrai'o 
Tin-ills,  549 
Torsion,  248,  258-262 
Torus,  *76,  *77  ;  of  tiower,  450 
Touch  -  me-  not,  //// pa  tic  us 
Toiich-wood,  Pitli/pnrus  fnmentarius 
Trachea',  84,  102,  *126,"  127,  *128,  185 
Tracheal  portion  of  vascular  bundles,  101  ; 

tissue,  126 

Traclu  ids,  77,  *S2,  85,  102,  125,  126,  '128 
Tr(i(li-sr,t,ifl>i,  470  ;  hairs,  *53,  9S,  244  : 
nucl'Mis,  62,  *63  ;  epiilermis,  *94 


Tragacautha,  562 
Traijujjofjon,  248,  598 
Trama,  373 

Transfusion  strands,  111,  112 
Transitory  starch,  204 
Transpiration,  180,  186,  188-192 
Transversal  geotropism,  256  ;  heliotropisuj. 

252  ;  zygoraorphism,  453 
Trapa,  236,"  563 
Treacle-mustard,  Eri/slm  urn 
Tree,  27  ;  -ferns,  Vyatheoxeae 
Trefoil,  Trl/olium 
Tremella,  basidia,  *363 
TremeUlueae,  363,  368 
Treutejjoh/iu,  322 
T rut  Ilea,  245 
Trlchia,  *305 
Trichogyne,  336 
Trichnmoiies,  405 
Trichomes,  95,  *96,  *97,  *98 
Tricocmc,  248,  540 
Trifolioideae,  561 
Tri/nlium,  561 
Trigl,>chin,  483 
TriijoneUa,  561 
Trimerous  flowers,  462 
Trimorphic  heterostyly,  287 
Trijdocaulescent  plants,  27 
Triticum,  480,  4S2  ;  starch,  '69  ;  aleurone. 

*71  ;  growth,  231 
Triuridaceae,  484 
Tropaeolaceae,  532 

Tropaeoluui,  532  ;  leaf,  34,  *199  ;  chronm- 
topliores,  *58  ;  amyloid,  81  ;  water- 
pore,  *95  :  exudation,  *193  ;  helio 
tropism,  254 

TrutHe  Fungi,  Tuheraoute 

Tryi)sin,  54 

Tsutja  canadensis,  leaf-butl  of,  *37 
Tuber,  23,  33,  *354,  355 ;  nuiltiplicatiou 
of,  278 

TuWra,  23  ;  Aconiti,  512  ;  Jalapae,  577  : 

Salep,  490 
Tulieraceae,  352,  355 
Tubercle  fungus.  Bacillus  Tubercuhtsis 
Tuhitfora*\  576 
Tubulijlorac,  597 
Tulipa,  468  :  bulb,  *23 
Turgidity,  165-167 

Turgor,  changes  of,  162,  167.  269  ;  tension. 
231,  247 

Turnip,  lirassica  Rajnt,  see  also  Betain 

-cabbage,  lirasslra  Xapus  (.V(//>"// /•»/.«.*/>■" 
Tusslla</n,  597-599 
Twin-flower,  Linnaen 
Tyloses  '125 

Ti/p/ut,  475  ;  inflorescence,  225  ;  seed. 
294 

Ti/phaceae,  475 

Typhus  bacillus.  309.  '312 

Tyrosin,  20:'. 
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Ulmaceae,  500 
Ulmus,  *500  ;  leaf,  *29 
Ulothrix,  323  ;  swarm-spores,  *67 
Ulva,  322  ;  form,  *12 
Umbel,  *461 

Umhelliferae,  545,  *546  ;  oil-ducts,  88 

Umhellifiorae,  544 

linear ia,  589 

Undulate  leaves,  30 

Unequal  growth,  247 

Uniaxial  plants,  27 

Unicellular  hairs,  *98 

Unisexual  flowers,  428 

Uredineae,  363,  364 

Uredo,  867 

Uredospores,  364 

Urginea,  466 

Urocystis,  362 

Uromyces,  367 

Urtica,  503  ;  hairs,  *96,  97  ;  movement, 
244 

Urticaceae,  503  ;  resin,  73  ;  latex  tubes, 
83 

Urticinae,  499 
Usnea,  378,  *379 
Ustilaginaceae,  361 
Ustilago,  '"361 

Utilisation  of  products  of  assimilation, 
201 

Utrimlaria,  584  ;  leaves,  *35  ;  rootlets, 

44,  181  ;  glands,  215 
Utriculariaceae,  583 

Vaccinioideae,  1  'acciuium,  568  ;  fungus 

on,  359 
Vacuoles,  *49,  55,  230 
Vagina,  29 
Valeriana,  *591 
Valerianaceae,  590,  591 
Valerianella,  591 
Vallisneria,  245,"  283 
Valvate  leaves,  37 
Valves,  313 
Vanilla.  ^'489,  490 

Vanillin,  54  ;  lignification,  80  ;  couiferin, 

206 
Varec,  334 
Varieties,  new,  154 

Vascular  tracheids,  82  ;  bundles,  101  ; 
cryptogams,  101  ;  plants,  147 

Vaucheria,  325,  *326,  *327 

Vegetable  ivory,  Phytelephas 

Vegetative  cell,  *67  ;  point,  148  ;  repro- 
duction, 275,  277 

Velamen,  42,  100,  194 

Velum,  372 

Venation  of  leaves,  30,  '"191,  ''"463,  "■•491  . 
Venus  fly-trap,  Dionaea 
Venus's  looking-glass,  Specularia 
Veratrinum,  206,  468 
Veratrtmi,  466,  468 


Verbascwn,  *583  ;  leaf,  30 

Verbena,  Verbenaceae,  585,  586 

Vermes,  213 

Vernation,  37 

Veronica,  583 

Verpa,  360 

Verrucaria,  380 

Vervain,  Verbena. 

Vessels,  see  Tracheae 

Vetch,  Latliyrus 

Vibrio,  309,  '="312 

Viburnum,  590 

Vicia,  561,  562  ;  root,  """211  ;  respiration, 
219  ;  growth,  ^'233  ;  geotropic  move- 
ments, ■^'258  ;  attacked  by  Uromyces, 
367 

Vicioideae,  561 

Victoria,  514:  ;  warmth  by  respiration, 
221 

Viaca,  '""573,  575  ;  sclerenchymatous  fibres, 
"=75 

Vincetoxicuvi  officinale,  """576  ;  attacked  by 

Gronartium,  367 
Vine,  Vitis  vinifera 
Vinum,  538 

Violet,  172,  *523,  524  ;   epidermis,  ■=•96, 

99  ;  stipule,  ''98 
Violaceae,  523 
Violet,  Violet 

Alpine,  Cyclamen  eirro^jaeum 
Viper's  Bugloss,  Echinm 

Grass,  Scorzonent  hispanica 
Virginia  creeper,  AmiJelopsis 
Viscum,  *566,  567  ;  false  dichotomy,  '"17  ; 

epidermis,  139  ;  nutrition,  210  ;  hypo- 

cotyl,  254 
Vitaceae,  537,  538 
Vital  attributes,  160,  167 
Vitis,  *538  ;   wood,  129  ;   tendrils,  26, 

'^26  7 
inconstctns,  '="267 
Vittfe,  88 
Volva,  371,  375 
Volvocaceae,  320 
Volvox,  319,  '"321,  322 

Wallflower,  Cheiranthus 
Water-culture,  174  ;  inibilied,  177,  178  ; 
distribution  of,   184  ;  exudation  of, 
188,  193  ;  agency  for  dissemination  of 
seeds,  292 
Water-ferns,  Hydropterideae 

-lily,  Xymp)haea 

-milfoil,  Myriophyllitm 

-pest,  Elodea 

-soldier,  Stratiotes 

-stomata,  95 

-wort,  Elatine 
Weigelia,  590 
Welwitschia,  443 
Wheat,  Triticura 
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Wheat.  *' mumiuv,"  179 
Whorls  451,  45-j 
Willow,  SfdU 

-herb,  Epilnhivin 
Winter  spores,  see  Teleutospores 

bud.  21,  32.  96.  278 
Wistaria,  562 
Witches'-broonis,  Exoascvs 
Woad,  I  salt's 
Wulffio,  475  ;  rootless,  44 
Wood,  121  ;  pareuchvma,  102,  126,  *130  ; 

strands,  121  ;  Me,  123,  126,  *127. 

129  :  heart-,  124  ;  sap-,  124  ;  fibres, 

127,  *132 
Woodljine,  Lon  icera 
Woodruti',  Aspenila 
Woodsorrel,  Oxalis  AcetoseUa 
Wormwood,  Artemisia 
Womuls,  144 

Xanthin,  75 
Xa II f /limit.  598 
Xantliophvll,  57,  59,  75 
Xanthoria,  *376,  *377,  379 
XtjJaria,  356 

Xyleni.  see  Tracheal  portion 
Xylochrome,  124 
Xj/ridaccac,  470 


I  Yam,  THoscoreaceoc 
Yarrow,  Achillea 

Yeast  budding  of  the  Hemio^ci,  350 
Yellow  Pond-lily,  Xifjihar 

-rattle,  Rhinantltus 

-wort,  Chlora 
Yew,  Taxiis 

Yucca,  249  ;  thickening,  138  :  -moth.  214 

Zaxardima,  331 
Zamtichellia,  484 
XanDiiio,  292 

Zea,  ♦462,  480,  481  :  bundles  *102,  *103  : 

stem,  *109 
Zinc  in  plants,  172 
Zinyifier,  *485.  486  ;  ethereal  oil,  73 
Zintjiberaceae,  *484,  *487 
Zone,  neutral,  244  ;  interference,  244 
Zooglcea,  309 

Zoospores,  see  Swarm -spores 
Zostera,  484 

Zyyiiema^  Ztjynemaceae,  316 
Zvgomorphic    plants,   16.   453  ;  tlower-. 

258,  264 
Zxjgomycetes,  341-343,  347-349 
Zygospores.  302  ;  of  the  Conjutjatae,  315, 

*316  :  of  Mncr,  348,  *349 
Zygote.  302 
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Edited  by  Rev.  J.  C.  P.  Aldous,  M.A.,  Chief  Instructor 
H.M.S.  Britannia^  late  Fellow  of  Jesus  College,  Cambridge. 


BRITAIN'S  NAVAL  POWER.  A  Short  History  of 
the  growth  of  the  British  Navy  from  the  earliest  times  to 
Trafalgar.  By  HAMILTON  WILLIAMS,  M.A.,  Pembroke 
College,  Oxford.  Instructor  in  English  Literature  to  Naval 
Cadets  in  H.M.S.  Britannia.    Part  1.    4s.  6d.  net. 

This  book  has  been  received  in  such  an  altogether  exceptionally  favour- 
able manner  that  selection  is  well  nigh  impossible. 

OPINIONS  OF  THE  PRESS. 

TIMES. — "Written  mainly  for  youthful  readers  and  well  calculated  to  instruct, 
enlighten,  and  interest  them.  It  is  a  plain  simple  record,  lucid,  judicious,  and 
impartial." 

SATURDAY  REVIEW Yx&cis^Xy  the  book  that  was  wanted.  The  story  of 
patriotic  spirit  and  heroic  endurance  inseparable  from  the  history  of  the  British  Navy  is 
admirably  told  in  this  volume." 

SPECTATOR. — "We  can  praise  the  brightness  of  the  narrative  and  the  skill  with 
which  a  difficult  subject  is  made  to  assume  a  narrative  form." 

ACADEMY.— ^^vl  excellent  abridgment  of  our  Naval  History." 

GUARDIAN. — "We  hardly  know  how  the  splendid  Naval  History  of  our  country 
could  be  better  treated  on  the  scale  laid  down,  and  for  such  readers,  young  and  old,  as 
Mr.  Williams  avowedly  addresses,  than  it  is  treated  by  Mr.  Williams." 

DAILY  CHRONICLE. — "  It  is  everything  it  should  be,  excellently  arranged,  clear, 
interesting  from  the  first  page  to  the  last  and  thoroughly  trustworthy." 

ATHENE UM. — "  Forms  a  useful  handbook  for  boys  and  for  the  general  public." 

PALL  MALL  GAZETTE.— An  admirable  book  for  boys,  accurate,  full,  and 
well  written." 

MORNING  POST.—  '  Mr.  Williams  has  carried  out  his  undertaking  in  a  highly 
satisfactory  manner.  .  .  .  The  concise  account  that  is  given  of  the  chief  naval  events  in 
our  history,  and  of  the  glorious  manner  in  which  Britannia's  rule  was  established,  renders 
the  work  of  great  value  for  easy  reference,  besides  providing  a  means  of  cultivating  a 
wide  conception  of  England's  greatness  and  of  the  importance  of  maintaining  her  naval 
supremacy." 

BROAD  ARROW. — "  No  better  compilation  could  have  been  put  together  for  the 
purpose,  and  we  would  heartily  rejoice  to  see  it  used  in  every  school  in  England." 


OPINIONS  OF  THE  PRESS-Contmufd. 


SPEAKER. — "Mr.  Williams'  book  is  welcome  and  well-timed.  Everj- boy  should 
read  it.    Every  school  should  utilise  it  as  an  easy  and  a  popular  holiday  task." 

CAMBRIDGE  REVIEW.—''  .Mr.  Hamilton  Williams  has  met  a  real  want,  and  a 
get-at-able  school  history  of  our  glorious  Navy  deserves  ever>-  success." 

LEEDS  MERCl/R  v.— "There  is  hardly  a  page  in  it  which  any  intelligent  boy  will 
consider  dull,  and  no  boy  will  read  it  from  cover  to  cover  without  feeling  proud  to  belong 
to  England." 

MANCHESTER  GUARDIAN.—"  The  value  of  this  most  interesting  little  book  is 
increased  by  the  addition  of  a  chronological  table,  some  illustrations  from  old  prints,  and 
a  good  index." 

NOTTINGHAM  GUARDIAN.— "V>eser\e<,  a  wide  circle  of  readers  amongst  all 
classes  of  all  ages." 

SHEFFIELD  DAILY  TELEGRAPH.— "  \  ca^^haXhooV  to  put  into  the  hands 
of  our  youths." 

NORTH  BRITISH  ECONOMIST.-"  Mr.  Williams  has  produced  a  book  which 
is  calculated  to  stir  the  blood  and  kindle  the  imagination." 

BRADFORD  OBSERVER.— "  A  painstaking  effort  to  record  the  most  brilliant 
deeds  of  our  Navy  from  the  earliest  times  to  Trafalgar.  Mr.  Williams  has  succeeded 
admirably  in  his  purpose." 

NEWCASTLE  DAILY  CHRONICLE.—"  A  spirited  and  graphic  as  well  as  care- 
fully chronological  record  of  the  achievements  of  the  English  Navy." 

PER  THSHIRE  ADVER  TISER.—"  Does  not  need  Lord  Brassey's  commendatory 
note  to  assure  it  of  a  welcome  from  a  patriotic  people." 

HAMPSHIRE  TELEGRAPH.—"  The  design  of  the  book  is  excellent." 

SUNDAY  TIMES.—"  Mr.  Hamilton  Williams  has  written  a  book  which  may  well 
stir  the  blood  of  the  most  aged  and  jaded  of  Englishmen,  but  should  fire  that  of  the  lads  of 
Britain." 

COMMERCE. — "  Excellently  picturesque  and  readable,  without  being  slovenly,  and 
made  as  brief  and  succinct  as  is  compatible  with  usefulness.  A  highly  valuable  book  of 
exactly  the  character  which  is  needful  at  the  present  lime." 

SCOTSMAN. — "  This  very  acceptable  contribution  to  our  Naval  Historj-." 

YORKSHIRE  Admirably  written  and  as  attractive  asa  novel.    It  should 

be  a  book  of  real  use  to  the  nation." 

HASTINGS  NEWS.—"  The  very  best  short  Naval  Historj-  that  we  possess." 

CHESHIRE  EVENING  ECHO.— "  A  vivid  picture  of  the  glorious  deeds  of  our 
noble  fleet." 

BRITAIN'S  NAVAL  POWER.  Part  II.  is  appearing 
immediately,  containing  the  History  and  Development  of  the 
Royal  Navy  to  the  present  day. 
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STEAM  AND  STEAM  MACHINERY.  By  Fleet-Engineer 
J.  Langmaid,  R.N.,  and  Engineer  H.  Gaisford,  R.N.  Pro- 
fusely Illustrated  with  Wood  Engravings.    6s.  net. 

STEAMSHIP. — "There  can  be  no  question  that  the  information  given  in  this  book, 
accompanied  as  it  is  by  over  eighty  illustrations  of  more  than  usual  excellence,  will  prove 
highly  useful  in  the  subsequent  study  of  the  marine  engine." 

MACHINERY.— 'That  better  authorities  than  the  authors  of  this  publicatioq  could 
have  been  found,  no  one  would  be  prepared  to  state  ;  and  their  experience  has  enabled 
them  to  produce  a  volume  which  is  at  once  thorough  and  complete.  The  large  number 
of  illustrations  which  adorn  its  pages  are  exceptionally  well  produced,  and  every  care 
seems  to  have  been  exercised  in  their  selection  and  appropriateness." 

EDUCA  TIONAL  r/iJ/^i".—"  Those  who  wish  to  study  the  construction  of  a  marine 
engine  .  .  .  cannot  do  better  than  procure  this  volume.  It  is  intelligible  to  the  veriest 
tyro,  and  is  half  made  up  of  illustrations  all  beautifully  drawn  and  highly  finished.  We 
wonder  how  the  book  can  be  brought  out  at  so  low  a  price." 

BROAD  ARR0JV.—"1h.e  work  is  altogether  a  most  valuable  text-book,  and  its 
value  is  enhanced  by  the  excellent,  and  in  many  instances  elaborate,  plates  which  it 
contains." 

IRON,  STEEL,  AND  COAL  TIMES.— "  The:  whole  book  is  what  an  elementary 
text-book  should  be,  simple  in  its  language,  precise  in  its  information,  and  well  illustrated. 
In  fact  the  whole  execution  of  the  book  cannot  be  too  highly  praised.  It  cannot  fail  to  be 
of  the  greatest  assistance  to  the  student." 

SCIENCE  AND  ART  OF  MINING.— ''No  marine  engineer,  and  no  engineering 
student,  marine  or  otherwise,  should  be  without  it." 

SCIENCE  AND  ART  DRAWING.  Complete  Geometrical 
Course  consisting  of  Plane  and  Solid  Geometry,  Orthographic 
and  Isometric  Projection,  Projection  of  Shadows,  the  Principles 
of  Map  Projection,  Graphic  Arithmetic,  and  Graphic  Statics. 
By  J.  Humphrey  Spanton.  Gold  Medallist  of  the  Royal 
Academy.  Instructor  in  Drawing  to  Naval  Cadets.  8vo.  ios.net. 

JOURNAL  OF  THE  ROYAL  INSTITUTE  OF  BRITISH  ARCHITECTS.— 
"  Mr.  Spanton's  goodly  volume,  viewed  as  a  treatise  on  Geometrical  drawing,  is  excellent, 
and  gives  everything  that  a  student  would  be  expected  to  require  for  the  examinations 
which  it  contemplates.  It  is  no  mere  elementary  introduction,  but  a  good  solid  treatise 
on  the  subject,  entering  fully  into  its  more  abstruse  branches,  such  as  the  projection  of 
shadows  and  interpenetration." 

NATURE. — "The  figures,  which  must  of  necessity  form  a  distinctive  feature  in 
work  of  this  nature,  are  good  throughout.  The  pages  are  remarkably  free  from  error,  an 
the  book  will  no  doubt  fulfil  a  want  felt  by  many  for  a  practically  complete  course." 

PRACTICAL  ENGINEER.—"  The  book  altogether  is  one  which  we  have  pleasure 
and  confidence  in  recommending,  both  to  students  and  teachers  alike." 

OXFORD  MAGAZINE. — "  Mr.  Spanton  has  produced  a  treatise  which  is  at  once 
completer  and  more  scientific  than  any  of  its  predecessors.  He  has  not  contented  himself 
with  giving  the  constructions  for  the  various  problems,  but  has  indicated  the  reasons  for 
the  several  steps.  The  most  noteworthy  chapters  are  those  on  Conic  Sections  and  other 
Plane  Curves,  Skiography,  Interpenetration  of  Solids,  Graphic  Arithmetic,  and  Statics." 

EDUCATIONAL  TIMES.— ""Wq  need  only  add  that  it  is  an  excellent  treatise, 
both  in  conception  and  in  execution,  and  marks  a  new  departure  in  text -books  of 
geometrical  drawing." 

GLASGOW  HERALD.— "The  diagrams  are  excellently  done ;  indeed,  the  whole 
book  is  got  up  in  an  almost  sumptuous  manner.  .  .  .  Certainly  the  book  is  worthy  of 
praise  in  every  respect." 

SCO  TSMA  N. — "  The  requirements  of  the  student  who  is  working  by  himself  have  been 
specially  considered.    It  is  a  capital  text-book,  the  subject  being  admirably  expounded." 
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Just  PitblisheJ.    Price  ^s. 
A   COMPLETE  PERSPECTIVE  COURSE.     Including  Pro- 

jcctiuii  of  i?hadows  and  Rt.t]<.-ciioii>,  Practical  Hints  for  Sketching  and  Methods  foi 
Correcting  Photographic  Distortion.  By  J.  Hlmphkey  Spaston,  Gold  Medallist 
of  the  Royal  Academy.  For  the  last  thirty  years  Instructor  in  Perspective  to  Naval 
Cadets. 

GLASGOW  HERALD. — "The  author  shows  great  judgment  in  detecting  and 
meeting  the  difficulties  that  puzzle  a  student  who  approaches  the  subject  for  the  first  time." 

EXQLISH  MECHAyiC.  —  "'  To  those  who  desire  to  learn  how  to  draw  in  Perspective 
the  work  may  be  recomnurnded,  as  the  subject  is  treated  as  clearly  and  successfully  as  it 
possibly  can  be  in  a  bo«k." 

SCOTSMAN. — "  There  is  also  an  interesting  chapter  on  the  perspective  of  photographs 
and  the  methods  of  correcting  the  distortion  produced  by  lenses  of  various  types." 

AN  ELEMENTARY  COURSE  OF  PHYSICS.    Edited  by  Rev. 

J.  C.  p.  .\i.uoL  s,  M  A.,  Chief  Instructor,  H..M..S.  Jiriiunnia,  late  Fellow  of  Jesus 
College,  Cambridge.  Part  I.  Mechanics — Projiertics  of  Matter — Hydrostatics — Heat, 
by  Rev.  J.  C.  P.  Aldols,  M..\.  420  pp.  4.S.  6d.  Part  II.  Wave  Motion— Sound- 
Light,  by  W.  D.  Eggak,  M.A.,  Assistant  Master,  Eton  College.  '220  pp.  as.  6d. 
Part  III.  Magnetism— Electricity,  by  Professor  F.  R.  Barreli^  M.A.,  B.Sc., 
University  College,  P.ristol,  late  Instructor  in  Natural  Science,  H.M.S.  BritaHnia, 
230  pp.    2s.  6d.  Complete  in  one  volume.    7s.  6d- 

PHYSICS  NOTE-BOOK.  Descriptions  ^nd  Laws  in  Letterpress,  with 

space  for  Sludeiiis'  Drawiuys  of  Experiments.    4to.    2s.  6d.  net. 

K  SOW  LEDGE. — "  The  plan  of  the  book  will,  it  strikes  us,  serve  two  useful  purpctses, 
namely,  the  elimination  of  a  good  deal  of  writing  in  the  lal>oratory,  the  time  saved  ncing 
available  for  actual  experiment  ;  and,  second,  the  necessary  formula;  being  given,  time  is 
again  economised  by  obviating  the  irksome  task  of  too-ffeijuent  reference  to  books.' 

GLASGClli'  //EA' A LD.—"  The  text  of  the  course  in  Physics  is  printed  in  full,  but 
abundance  of  space  is  left  for  the  student's  own  sketches  of  the  apparatus  and  drawings  of 
experiments.  AW  who  have  gone  through  a  course  of  science  teaching  will  at  once  perceive 
the  excellence  of  the  plan  of  this  book." 

LECTURES  MARITIMES.     By  Leo.n  Delbos,  M.A.  French 

Stories  and  Conversations  on  Nautical  Subjects.    2s.  net. 

SA  TURD  A  Y  REVIEW. — "  The  worst  of  technical  handbooks  to  a  foreign  language 
is  exactly  this,  that  expert  and  literary  competence  are  verj-  rarely.found  together.  Here, 
so  far  as  we  can  judge,  they  are  so  found,  and  the  result  is  excellent." 

SCHOOL  G C A RD/. 4. v.— ''ThKrx  lectures  .  .  .  will  be  found  very  useful  to  any 
French  student  while  not  yet  far  advanced.  The  author  has  endeavoured  to  preser>-c 
throughout  a  conversational  style  and  has  added  si>ecimens  of  official  correspondence  which 
cannot  but  prove  very  suggestive." 

SCOl^S.'iLAuV. — "The  Lmguage  of  the  sea  is  as  different  from  that  of  landsmen  in 
France  as  it  is  in  England  ;  and  M.  Delbos'  book  is  admirablcas  a  discipline  to  the  speech 
of  French  navigators.  The  readings  are  varied  in  style,  are  well  equipj^Krd  «  itl;  n.  tc-  and 
a  good  vocabulary',  and  make  an  admirable  l>ook  of  instruction." 

SEA  STORIES  for  French  Composition.   Collected  anu  ..  ....  ..u  :. 

By  Lkon  Delbos,  M.A.    as.  net. 

i.C//Of>Z,J/>}.9r/:/v.  — "These  spirited  storiesof  sea  life  will  form  :i;,g 
exercises  for  translation  into  French.    At  the  foot  of  each  page  are 

of  difficult  passages,  and  the  last  part  of  the  book  consists  of  some  is 
on  French  composition  that  add  to  the  practical  value  of  an  alreau\ 
OXFORD  MAGAZINE.—"  This  little  volume  is  simil.ir  in  c; 
ship  to  the  collection  of  French  stories  by  the  same  editor,  of  whi. :  ..  iy 

on  its  appearance.    The  idea  and  the  execution  are  alike  excellent. 
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